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SUMMARY 


An H 2 -O 2 auxiliary power unit (APU) was designed and developed to meet 
NASA specifications for an alternate Space Shuttle APU. The program objectives 
were to develop the technology for the design of an H 2 -O 2 APU which would have 
low specific propellant consumption and be capable of utilizing the cryogenic 
propellants as a heat sink for the APU and the hydraulic system. The develop- 
ment passed through a logical sequence of analysis, design, fabrication, test, 
and updating of the computer simulator model. The program objectives were 
met with an APU reference system that incorporated necessary propellant con- 
ditioning valves and heat exchangers, combustor, turbine and gearbox assembly, 
and electronic propellant flow control system providing 400-shp output to two 
hydraulic pumps. The experimental test APU (APU-T) that incorporated ail 
significant flight APU features demonstrated the viability of a hydrogen-oxygen 
APU. The test unit accumulated approximately 10 hr test time with 145 hot 
starts. Extrapolations of performance at 350 to 380 ho demonstrated 3 specific 
propellant consumption (SPC) of about 2.2 at 400 hp under space simulation. 

The APU-T system was a close-coupled experimental test version of a refer- 
ence system designed in the program; it was schematically the same, but was 
altered to reduce development costs. Flight-type components were used, except 
for the gearbox. Also, a nitrogen buffer labyrinth seal replaced the reference 
system turbine face seal; an external lubrication system, functioning after 
shutdown, obviated heat soakback protection; and the recuperator was designed 
for ground tests where internal pressure was vacuum and external pressure was 
amb lent . 

Development problems were solved during component, subsystem, and system 
tests. The main problem that occurred in system tests that did not occur 
in component or subsystem tests was spark plug melting. It was encountered 
only when the turbine was installed in the system tests. The problem was 
eliminated, but reoccurred near the end of the test program. The test pro- 
gram was terminated before the solution to the plug melting problem could 
be demonstrated. 

Component and system performance compared favorably with predictions. 

The combustor provided near 100-percent efficiency and stable combustion over 
the range of test chamber pressures. It had the ability to operate over a 
wide range of 0/F ratios and chamber pressures. The turbine efficiency was 
about 44 to 48 percent or about 4 to 8 points lower than expected, probably 
because of excessive honeycomb seal leakage. Using smaller cells in the 
honeycomb would reduce this leakage. The cooling capability of 400 hp for 
the hydraulic system was about 4700 Btu/min. Turbine speed was controlled 
within 1 percent of the mean during steady-state and transient operation. 

During 100-hp load steps, the turbine inlet temperature was controlled within 
40 R. No temperature spikes or overspeed conditions occurred during startup 
and shutdown. The proper propellant conditioning was obtained with hydrogen 
inlet temperature to the combustor controlled within 15 R and hydrogen inlet 
temperafure to the hydraulic oil cooler controlled within 10 R. 


A compul-er simulator was developed to verify the effects of control 
options and control parameters, and the effects of system configuration changes 
on transient APU performance. The simulator is operational on the NASA-LRC 
computer and may be utilized to make future changes, including power scaling. 


INTRODUCTION 


Two study programs performed for the NASA Lewis Research Center under 
Contracts NAS 3-14407 and NAS 3-14408 showed a hydrogen-oxygen auxiliary 
DOwer unit (APU) system to be an attractive alternate to the Space Shuttle 
baseline hydrazine APU system for minimum weight. In addition to providing 
3 low specific propellant consumption relative to hydrazine, an APU system 
using cryogenic hydrogen has the capability to meet many of the heat sink 
requirements for the Space Shuttle vehicle, thereby greatly reducing the 
amount of water or other expendable evaporant that must be provided with the 
baseline APU for cooling. 

AiResearch was awarded Contract NAS 3-15708 in April 1972 to design, 
build, and test a cryogenic hydrogen-oxygen fueled 400-hp APU suitable for 
the Space Shuttle orb iter. The primary objective of the program was to 
demonstrate the APU technology required for a long-life, reusable, hydraulic 
and electric APU. The initial APU system configuration, which was based on 
work done in the previous studies, incorporated a recycle loop driven by a Je+ 
pump to maximize the amount of available cooling, and several heat exchanger 
bypass loops for propellant conditioning. A steady-state digital computer 
program was formulated and a large matrix of flight conditions, power settings, 
and design variables was examined. These design studies showed performance 
prediction uncertainties associated with the jet pump operation over a wide 
range of conditions. Then a new reference system was studied in which the jet 
pump was replaced by a new heat exchanger called the regenerator, which also 
m.aximized the amount of available cooling. 

An APU flight-type reference system was designed to meet NASA specifica- 
tions and contained necessary propellant conditioning valves and heat exchanger 
combustor, turbine and gearbox assembly, and an advanced design, electronic 
propellant flow control system to provide 400-shp output to two hydraulic oumos 
A design report, ref. 1, covers the design requirements and the solution to 
meet those requirements. 

A test system also was designed to be a close-coupled experimental test 
version of the reference system. Designated the APU-T , it incorporated all 
sianificant reference system design features as well as additional options to 
be" i nvest i gated and included instrumentation to allow investigation and develop 
ment of the technology required to develop a flight-qualified APU design. Many 
components were flight-type, which had appropriate dynamic characteristics 
and received sufficient evaluation to provide reasonable assurance of being 
qualified for flight application with some modification. The test system 
assemb ly was packaged with emphas i s on access i b i I i ty . Spec iai features were 
added to the control for turbine calibration and system development. In 
addition, some cost-saving modifications that would not affect the technical 
objectives were made. 

This report covers the final reference system design, but is principally 
concerned with the test results of the APU-T system that was tested both at 
ambient pressure and space simulation. 
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REFERENCE SYSTEM 


Reference System Description 

The reference system (see fig. 1) consists of a propellant feed and 
conditioning subsystem, turbopower subsystem, and control subsystem. The 
propellant feed and conditioning subsystem begins at the outlet of the high- 
pressure propellant tanks and contains all heat exchangers and the combustor. 
The turbopower subsystem contains a two-stage part i a I -adm i ss ion pressure- 
modulated 430-hp turbine, a zero- to 4-g lubrication system, and a zero-g 
gearbox with multiple output pads to accommodate two hydraulic pumps and an 
alternator. The control subsystem contains the electronics required to control 
primary system functions as well as secondary functions incident to system 
operation and safety and the valves required for control. 

The cold hydrogen is first heated in a hydrogen preheater by hydrogen from 
the recuperator. Secondly, it flows through a regenerator where it receives 
heat from the reentrant hydrogen flow that has been the sink for hydraulic 
pump case drain waste heat. Out of the regenerator both hydrogen streams are 
now between 400 and 460 R, controlled by the preheater bypass loop. One 
stream flows through the hydraulic cooler; the other through the lube cooler 
and the recuperator. The last pass is through the hydrogen-oxygen temperature 
equalizer where the oxygen is conditioned to be close to the hydrogen tempera- 
ture. Except for the flow bypasses, one around the recuperator, the other 
around the preheater that act as flow dividers, the hydrogen describes a single 
path through the propellant conditioning system. 

The preheater bypass loop flow is controlled to maintain the lube oil 
temperature below the maximum permissible operating temperature, but above the 
congealing temperature, and preferably in the range between 650 and 700 R. As 
shown on the temperature schedule (inset in fig. 1), when the lube oil temper- 
ature is 650 R, the hydrogen temperature out of the first preheater pass will 
be controlled by an appropriate preheater bypass flow rate to 460 R. As the 
lube oil temperature increases (usually at low power output), the hydrogen 
temperature will be controlled down to 400 R (but not lower, to avoid local 
congeal ing). 

The preheater bypass loop flow increases with higher hydraulic and lube 
cooler heat loads. In those cases, most of the preheating will occur in the 
regenerator. The bypass flow also will increase with increasing hydrogen 
fluid temperatures. This is the case with a thermally pressurized super- 
critical tank supply. 

The recuperator bypass loop flow is controlled by the hydrogen temperature 
downstream of the temperature equa I i zer, attempting to maintain 750 R combustor 
inlet. At high power levels, the engine operates more efficiently and insuf- 
ficient heat is available in the recuperator to attain this temperature even 
at zero bypass. Computer simulation shows, however, that with 55 R hydrogen 
inlet and full power, combustor inlet temperature will be no lower than 680 R, 
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Each bypass loop is controlled by a three-way modulating valve. Tne two 
valves are electronically coupled in the control to prevent undesirable 
interact ion. 

Two redundant pressure regulators are employed in the oxygen circuit, since 
a single one sticking open may result in an overtemperature. They are both 
located downstream of the temperature equalizer in order to maintain super- 
critical pressure and avoid two-phase flow in the equalizer. An accumulator is 
located downstream of the regulators in order to provide more equal stiffness 
in the hydrogen and oxygen control system, compensating for a somewhat slow 
pressure regulator response (100 msec). A shutoff valve is located between 
the combustor and the control valve. Retention of oxygen at approximately 
500 psig between the two valves effectively prevents backf low . The hydrogen and 
oxygen control valves are electrically linked in the control. An exciter is used 
to energize the combustor spark plug during start and whenever the turbine tem- 
perature is below 900 R, the set point, and the system is turned on. The com- 
bustor delivers hy drogen-r i ch combustion products to the turbopower subsystem. 

The turbine is a two-stage supersonic axial-flow design. The design speed 
is 63 000 rpm with a turbine inlet temperature (TIT) of 1960 R using V-57 alloy 
turbine wheels. (The test system turbine is designed so that it can be retro- 
fitted with Astro I oy wheels and operated at 70 000 rpm and 2060 R TIT. 

The electronic control functions can be divided into primary and secondary. 
The primary control functions are to hold the TIT, rpm, and equalizer outlet 
temperature constant by modulation of the hydrogen bypass and control valves. 

The secondary control functions are start-and-stop sequences, overspeed (rpm) 
and overtemperature (TIT) limits. It also effects automatic shutdown when 
lube pressure and temperature limit bands are exceeded; hydrogen supply 
pressure is too low; when the difference between the temperature and over- 
temperature thermocouple exceeds the specified band; and when an overspeed is 
sensed. The system specifications are summarized in table 1. 


table 1 


SUMMARY OF SYSTEM 

Peak power 
Mini mum power 
Output pads 

Turbine speed 

Turbine inlet temperature 
Hydrogen inlet temperature to APU 
Hydrogen inlet pressure 
Oxygen inlet temperature to APU 
Oxygen inlet pressure 
Des i.gn t i f e 

Cooling capability at 400 hp Cheat 
sink for hydraulic system) 

Potential cooling with integrated 
tank pressurization 400 hp 


SEPCIFICATIONS 

400-hp gearbox shaft output 

0-hp gearbox shaft output 

2 pump pads at 5000 rpm 
1 generator pad at 12 000 rpm 

63 000 rpm +1 percent steady state, 
+5 percent transient 

1960 R 
55 to 560 R 
575 psia 
275 to 560 R 
900 psia 

1000 hr hot operation (900 cycles) 
and 2000 hr on inert gas checkout 
(600 cycles) 

5000 Btu/min 
15 000 Btu/min 


Estimated dry weight 


280 lb 



DESCRIPTION OF APU-T 


APU-T 


The APU-T is a close-coupled experimental test version of the reference 
system and is schematically the same as the reference system to allow the 
investigation and demonstration of the technology required for a flight-type 
APU. Special design features and control options are included. 

Provisions in the controller permit operation at moderate rpm, TIT, and 
combustor pressure. The capability to improve system efficiency by increasing 
the combustor inlet temperature from 750 to 900 R also is provided. The APU-T 
system is protected through automatic shutdown in the event control values are 
exceeded or component failures occur that are not critical or would not cause" 
shutdown of the flight system. 

The APU-T (see fig. 2) utilizes flight-type^ components except as listed 
below: 

(1) The turbine bearing seal is a labyrinth seal with externally 
supplied nitrogen buffer gas. To avoid seal development, the 
flight-type face seal was not used. 

(2) An external lube oil pump supplies the turbine and gearbox. 

(3) Provision to prevent heat soakback at shutdown is included in the 
reference turbine design, but the development of a heat sink/ 
barrier was not carried through into the A^U-T turbine. Instead, 
the APU-T lubricant flow is from an external source and can be 
maintained after shutdown. 

(4) The gearbox is not designed for zero-g flight capability, is not 
flight weight, and has two pump pads, but no alternator pad. 

(5) The recuperator is designed for ground test in which internal 
pressure is reduced to vacuum and the external pressure is ambient. 

The APU-T components generate energy losses and these are partially 
recovered in the heat exchangers with some losses occurring because of radia- 
tion and convection, as illustrated in fig. 3. The concept of the recuperator 
is depicted where turbine exhaust energy is utilized in the cycle hydrogen 
flow as a means of cooling component heat loads. The operation of the APU-T 
test system is identical to the reference system with the hydrogen inlet 

^Flight-type components are similar in size, weight, and dynamic characteris- 
tics and have received sufficient evaluation to provide reasonable assurance 
that they are capable of being qualified for the required flight application 
with only minor modifications. 
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Figure 2. — Schematic of APU- 
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temperature to the combustor controlled to 750 R and the hydrogen inlet 
temperature to the hydraulic oil cooler controlled to 460 R. Additionally, 
turbine speed is controlled to 63 000 rpm with a TIT of 1960 R. 

The APU-T shown in fig. 4 is packaged for ease of component and instru- 
mentation accessibility and installation, without strict regard to weight 
and volume. The controller is not included in the package because i+ is 
located in the control room and is connected to the APU-T by an umbilical 
cab le. 

The APU-T assembly is composed of the following two major subassemo I i es : 

(1) Turbine-gearbox-pump assembly, which contains the combustor and oxygen 
flow control valve, the oxygen shutoff valve and accumulator, and the 
oxygen regulators. A I I of these components are mounted on the gear- 
box support structure. 

(2) The heat exchanger assembly, which includes all heat exchangers and 
bypass valves, and a separate support structure. 

The above two subassemblies were combined into the complete APU-T by brazing 
three interface Joints: the oxygen line, the hydrogen line, and the turbine 

exhaust duct. 


The entire assembly mounts on a base structure serving as both a test stand 
and a structure to support the assembly during transit and handling by forklift. 
Joints in the hydrogen and oxygen circuits in the entire APU-T are welded 
or brazed. Some mechanically sealed joints exist in the turbine, valves, and 
certain instrumentation connections. Two hydroformed bellows are used in the 
duct between the turbine discharge and the recuperator to allow for thermal 
expansion. All other piping expansions are compensated by loops and bends in 

the piping. Each heat exchanger is mounted by a single fixed point, with other 
support points flexible to allow for expansion. All components are mounted for 
a l-g, 1-direction environment. The APU-T components and piping are located so 
that there is adequate access for instrumentation. Descriptions of the test 
setup and instrumentation are in a subsequent section, APU-T System Tests. 


APU-T Propellant Feed and Conditioning Subsystem 

Combustor. — The hydrogen-oxygen combustor delivers a controlled flow of 
hot gas to the turbine at un i f orm temperature and pressure as demanded by the 
APU system power level. it uses inputs of gaseous hydrogen and oxygen condi- 
tioned by the APU system heat exchangers. The combustor was designed to 
provide efficient combustion of fuel-rich gaseous hydrogen-oxygen mixtures 
for the following requirements: 


(1) Good mixing within a short distance 

(2) Wall temperatures compatible with common h i gh-temperature 
structural materials 

(3) Operation over a turndown ratio of at least 10:1 



(4) 


Operation over an oxi di zer-to-fuel ratio range of 0.4 to 0.9 

(5) Reliable ignition at startup 

(6) Capability of immediate relight in the event of flameout 

These reguirements were met with a prototype combustor (fig. 5) bui It in 
several pieces and bolted together to facilitate examination, modification, 
and assembly. Results of combustor testing were reported (ref. 1). For com- 
pleteness, the prototype design and test results are summarized in this section. 
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Figure 5 . -Hydrogen-Oxygen Combustor (Prototype Test Unit). 


The APU-T combustor design is shown in fig. 6. Oxygen Is fed into an 
annular manifold in the head of the combustor surrounding the spark plug 
cavity; then it is metered through eight nozzles that are arranged in a 
circle in the injector head and that discharge parallel to the combustor 
axis. A ninth oxygen passage leads from the oxygen manifold to the spark 
D I ug cavity. 
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Hydrogen inlet 

♦ Sparkplug oxygen 
con tro } orifice 



Figure 6.— Sectional View of the APU-T Hydrogen-Oxygen Combustor, 


Hydrogen is fed into a larger annular manifold in the combustor head * 

immediately downstream of the oxygen manifold. From there, approximately 40 
percent of the flow is directed into the cooling jacket (described later) and 
the remaining 60 percent passes through the eight annular openings that surround 
the oxygen jets. Thus, the combustor burner has eight annular hydrogen-oxygen 
jets with the hydrogen on the outside. The oxygen is completely consumed before .« 

It can contact any hot metal parts. • 

The combusted gas mixture resulting from the main burner has a mixed tem- 
perature of approximately 2650 R, which is too high to be allowed to contact 
uncooled walls. Therefore, the combustion chamber is surrounded by a copper 
liner that has an extended heat transfer surface of expanded metal fins brazed * 

on its o.d. The previously mentioned cooling hydrogen flows past these fins ® 

and maintains an allowabie wail temperature on the copper liner. After the 
cooling hydrogen has passed through the fins, it is injected into the combusted 
gas stream to provide additional mixing and further cool ing. 

This type of combustor is inherently capable of operation over wide pres- ^ 

sure and oxidizer-to-fuel ratio ranges. The combustion zones are identical ^ 

m principle to the common gas burner jet except that the oxidizer is the inner 
jet in this combustor. The length of the jet increases as the oxidizer-to-fuel 
ratio range is increased, just as a gas stove jet increases when the gas (inner 
jet) flow IS increased. Chamber pressure has no effect upon the length of the 
jet, so combustor operation essentially is independent of chamber pressure ^ 

throughout the desired region of operation. ® 
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The combustor is made entirely of type-347 corrosion-resistant steel 
except for the copper liner assembly. The prototype test unit, built in 
several pieces and bolted together, was reworked to the design as shown in 
fig. 6 and welded together so the combustor body and manifold were a one-piece 
assembly. In the APU-T system performance tests, the combustor temperature 
was controlled to a fixed value of 1960 R. 

On startup, ignition was obtained from a spark plug in which oxygen gas 
was fed through the annulus between the electrode insulator and the spark plug 
body into the combustor. The oxygen was ionized by the spark causing the jet 
i ssu i ng from the spark plug to ignite and form a p i lot I i ght for the rema i n i ng 
jets in the combustor during startup. The spark was terminated when the 
turbine inlet temperature reached 900 R. 

During APU-T system tests, problems occurred with this ignition design. 
Essentially, the combustor spark plug and the threaded area around the plug 
experienced damage during initial tests. It was concluded that the spark plug 
was breathing hot products of combustion because of combustor pressure fluctua- 
tions. The electrode end of the plug became hot enough to initiate a fire fed 
by the oxygen supplied to the plug. Thus, the combustor design was modified 
to that shown in fig. 7 so that a separate tube fed oxygen to the spark plug 
rather than the combustor oxygen manifold. Also, two valves were used to 
seguence gaseous oxygen or hydrogen to the spark plug. A short gaseous nitro- 
gen purge separated the flow of gaseous hydrogen and oxygen. Gaseous oxygen 
was injected during lightoff and then gaseous hydrogen was injected through 
the spark plug to cool it and prevent it from breathing hot combustion products. 



’External 0^ line 



Figure 7.— Sectional View of the Modified APU-T Hydrogen-Oxygen Combustor, 
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System heat exchangers . —S i x heat exchangers are used in the Subsystem 
H 2 -O 2 APU: the lubricating oil and hydraulic coolers, the preheater and the 

regenerator, the recuperator, and the egualizer . Becasue of economic con- 
siderations, the lubricating and hydraulic oil coolers are identical, and the 
preheater and the regenerator are identical. The heat exchangers (fig. 9) 
are designed for 1000 start-stop cycles, with the heat transfer design points 
descr i bed below. 

Lubricating and hydraulic oil cooler: The lubricating and hydraulic oil 

coolers cool the lubricating and hydraulic oil with hydrogen which has been 
conditioned to acceptable temperatures by the preheater and the regenerator. 
The heat transfer design point for the cooler is shown in table 2. 

The lube/hydraulic cooler is a tube and she I I multipass crossflow heat 
exchanger . I n both app I i cat i on s , the over all f 1 ow d i rect i on is counterfl ow . 
The hydrogen inside the tubes makes a single pass through the heat exchanger 
and the shell side fluid flows across the tube bundle four times. 


TABLE 2 

LUBE/HYDRAULIC COOLER HEAT TRANSFER DESIGN POINT 


Fluid 

Flow rate, Ib/min 
Inlet temperature, R 
Outlet temperature, R 
Inlet pressure, psia 
Core pressure drop, psid 
Effectiveness 
Duct diameter, in. 

Total heat transferred, Btu/min 


Cold side 

Hot side 

Hydrogen 

MlL-H-83282 

1.026 

52 

400 

775 

758 

733 

600 

200 

0.098 

1 .70 

0.953 

0.112 

1.0 

1.0 


1282 
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Preheater and regenerator: A single heat exchanger design is used for 

the preheater and regenerator applications. The preheater warms up The cryogenic 
hydrogen to an acceptable temperature so that, after passing through the regen- 
erator, the hydrogen represents an acceptable heat sink for the hydraulic oil. 

The heat source for the preheater is hot hydrogen from the recuperator. The 
regenerator cools the hydrogen after it has absorbed the hydraulic heat load 
so it is at a suitable temperature to cool the lube oil. The heat sink in the 
regenerator is the hydrogen outlet from the preheater. The heat transfer design 
point for the preheater /regenerator design is the regenerator operating condition 
shown in table 3. 

The preheater /regener ator is a tube and shell multipass crossflow heat 
exchanger. In the preheater conf i gurat ion , the overall flow direction is counter- 
flow, whereas in the regenerator application, the unit is operated in parallel 
flow. The hydrogen inside the tubes makes a single pass through the heat 
exchanger, and the shell side hydrogen flows across the tube bundle six times. 

One header plate is fixed, and the other incorporates a sliding joint that 
eliminates thermal expansion problems. 


TABLE 3 

PREHEATER/REGENERATOR HEAT TRANSFER DESIGN POINT 



Cold Side 

htot Side 

Fluid 

Hydrogen 

Hydrogen 

F 1 ow rate , 1 D/m i n 

1.026 

1.026 

Inlet temperature, R 

83 

755 

Outlet temperature, R 

400 

420 

Inlet pressure, psid 

600 

600 

Core pressure drop, psid 

0.0756 

0.0867 

Effectiveness 

0.468 

0 . 502 

Duct diameter, in. 

1.0 

1.0 

Total heat transferred, Btu/min 

1257 
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Temperature equalizer; The hydrogen-oxygen temperature equalizer functions 
to bring the temperature of the two propellant flows to nearly the same level 
at the inlet to the propellant flow control valves so that the turndown rate is 
reduced, thereby facilitating system control. A vented buffer zone is provided 
between the hydrogen and oxygen passages, thus precluding mixing of the two 
fluids in the unlikely event of a leak in one of the fluid passages. The heat 
transfer design point for the temperature equalizer is shown in table 4. 

The temperature equalizer is an annular plate fin heat exchanger. Three 
concentric finned passages are provided. The inner passage carries the oxygen 
and the outer the hydrogen. The middle passage separates the two fluids and 
is vented, thus providing a buffer zone between the two highly reactive fluids 
The heat exchanger is constructed of stainless steel except for the heat transfer 
fins, which are copper. This fin material was selected from thermal performance 
optimization cons I derat ions. 


TABLE 4 

TEMPERATURE/EOUALIZtR HEAT TRANSFER OESIQ>l POINT 
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Subsystem recuperator: The recuperator operates with hydrogen on the cold . 

side and turbine exhaust gas on the hot side. It provides sufficient heat input 
into the cycle for propellant thermal conditioning and improves cycle thermal 
efficiency by recovering waste heat from the turbine exhaust. The design point 
for the recuperator (table 5) was established by system analysis. 

The recuperator is a box and U-tube design. The exhaust gas from the 
turbine flows in a single pass through the shell side of the heat exchanger. 

This minimizes the pressure drop in the exhaust gas stream. The hydrogen flows 
in cross counterf-low through the tubes of the unit. This flow arrangement 
allows the box structure to be lightly pressure- I oaded by the exhaust gas and 
the high pressure hydrogen is contained within the tubes of the heat exchanger. 


TABLE 5 

RECUPERAT(]R DESIGN POINT 


FI uid 

Cold side 

Hot side 

h 

Hydrogen 

Hydrogen-steam 
(60-40 by mass) 

F low rate , 1 o/m in 

8.43 

14.47 

Inlet temperature, R 

503 

1366 

Outlet temperature, R 

1122 

785^ 

Inlet pressure, psia 

1 

600 

16.8 

Core pressure drop, psid 

1 .8 

1 .86 

Ef feet i veness 

0.717 

0.673 

Duct diameter, in. 

1 .0 

4.0 


Total heat transferred, Btu/min 18 059 


^Minimum allowable outlet temperature = 700 R 
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APU-T Turbopower Subsystem 

Turb i ne . The turbine for the -T system and the reference system is a 
two-stage, pressure-compounded, axial-impulse turbine rated at approximately 
450 shp at 63 000 rpm. Aerodynam i ca I I y , both designs are identical, with the 
APU-T turbine mechanical design simplified to eliminate a development effort 
and increased cost. The significant design features of the APU-T turbine are 
discussed below. 

The pertinent physical and design character i st i cs of the turbine are sum- 
marized in table 6. Expansion through the turbine occurs with part iai-admission 
supersonic stages. 

The hot gas from combustion of hydrogen and oxygen expands tnrough the 
six axisymmetric first-stage nozzles into the first rotor blades (fig. 10a). 
Leaving the first-stage wheel, the gas enters an interstage plenum prior to 
expansion through 24 two-dimensional, second-stage nozzle channels. At the 
second-stage nozzle entrance, the gas is at an intermediate pressure and 
expands to the outlet pressure level before flowing through the blades of the 
second-stage wheel (fig. 10b). After leaving the second-stage wheel, the gas 
enters the discharge plenum through a channel, thus providing some diffusion 
recovery of the rotational energy in the medium. 


TA6LE 6 

TURBINE DESIGN PARAMETERS 



First Stage 

Second Stage 

Effective nozzle throat area, so in. 

0.1517 

0.6300 

Nozzle exit area, sq in. 

0.2335 

0.6930 

Nozzle type 

Ax 1 symmetr ic 

Two-d imens iona 1 

No. of nozzles 

6 

24 

Admission, percent 

29 

60 

Bucket height, in. 

0.265 

0.330 

Axial chord length, in. 

0.350 

0.350 

No. of blades 

85 

85 

Pitch diameter, in. 

5.566 

5.631 

Nozzle angle, deg 

16.0 

16.0 

Bucket inlet angle, deg 

23.0 

23.0 

Bucket exit angle, deg 

21 .7 

21 .7 






f 
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a. First-stage turbine wheel 


Figure 10. — First-and Second-Stage Turbine Wheels. 



The mechanical design of the turbine included consideration of the turbine 
aerodynamics, thermal management, stress analysis, and metallurgical problems, 
all of which influenced tne final configuration. Important parameters influenc- 
ing the mechanical design were close tip clearance (0.010 in.), use of a 
hy drogen— r i ch working fluid, avoidance of heat soakback after shutdown, and 
long-life requirements including many starts and stops. 

It was initially intended that the APU-T turbine would be the same as the 
reference system turbine, but because of budgetary problems and the desire to 
avoid a development effort, the APU-T turbine mechanical design was simplified. 
The resulting design is illustrated in figs. 11 and 12. The APU-T turpi ne 
•major design changes from tne reference system turbine were a change in the 
turbine bearing seal and removal of the heat soakback thermal barrier. 

Early in the design of the reference system turbine, the use of carbon-face- 
type seals was considered to prevent oil from leaking into the turbine cavity. 
This face seal would have required a normal development with extensive turbine 
testino and several assembly-disassembly cycles. Because of the development 
costs Involved, this type bearing seal was replaced with a labyrinth seal pres- 
surized by nitrogen gas for the APU-T turbine. In the APU-T tests, nitrogen 
buffer gas was introduced under pressure in the center of the labyrinth seal, 
and i+s flow in both directions prevented oil from leaking to the outside and 
hydrogen-water vapor mixture from entering the bearing cavity. 
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In the reference system turbine design a thermal isolation package limits 
the post-shutdown heat soakback from the turbine to the bearing cartridge. 

This package would have required some additional normal development. Because 
the APU-T turbine lubricant flow from an external source could be maintained 
after shutdown, the thermal barrier was removed. 

In the mechanical design of the turbine, the first-stage turbine wheel is 
mounted to the second-stage wheel, and the two are attached to the shaft by 
four studs. Centering and power transmission is accomplished by curvic couplings. 
The four studs are loaded in tension. Each nut is supported by the turbine 
wheel, thus preventing loading of the stud end caused by centrifugal force. 

Lands on the studs provide support for the stud in the wheel during rotation. 

The spline coupling, bearing, and bearing spacer are held in place by a 
center tie bolt loaded in tension, which stiffens the rotating assembly. In 
this way, the shaft effective diameter in bending is increased to approximately 
that of the ball bearing inner race. 

Tne two turbine wheels, the four studs and nuts, and the shaft are made 
of CRES V-57 steel, a modified CRES A286. The central tie-bolt material is 
INCO 718 stressed to about 126 000 psi. To protect it from the hydrogen 
environment, a cap is welded to the shaft end. Both ball bearings are made 
of VI-50 tool steel and have a silver-plated 4340 steel separator. 

The turbine assembly is supported from the gearbox by a support housing, 
which is attached to the gearbox housing by a flange and 12 0. 25-in. -dia bolts. 

The bearing carrier is bolted to the support housing by six 10/32-in. screws. 

Shims are provided between the bearing carrier and support housing to adjust 
the axial^ clearance between the first-stage turbine and nozzle. The support 
housing is bolted to the containment ring, which reaches through the holes in 
the turbine outlet torus by means of six lugs. Because the containment ring 
is cooler, it is used to provide support and guidance for the turbine housing. 

The hot turbine housing is supported from the containment ring by 12 radial 
pins. These pins permit radial growth of the turbine housing and at the same 
time maintain the concentricity of the hot turbine housing relative to the 
containment ring and the rotating assembly. Because the turbine housina 
expands and contracts with temperature, all connections between it and any 
cooler structure must have flexibility. 

In addition to the allowance for radial dimensional changes between parts, 
provision is made for their free axial growth. The radial pins in the contain- 
ment ring establish the axial location for the inlet torus and leave the turbine 
outlet torus free to move. When this occurs, leakage of exhaust products is 
prevented by a double piston ring expansion joint. The nitrogen buffer gas 
used for the labyrinth shaft seal also is directed into the space between the 
two piston rings. The nitrogen gas pressure is higher than the ambient and 
higher than hydrogen outlet pressure, so nitrogen will flow outward in both 
directions and prevent leakage of hydrogen to the atmosphere. 

To prevent a localized hot area in the first-stage nozzle torus, the hot 
gas from the combustor is introduced tangentially (fig. 13) downstream just 


beyond the last drilled nozzle. In this way. the hot gas must travel 
circumferentially almost 170-deg before entering the first nozzle, providing 
uniform heating of the nozzle torus. A similar feature is built into the 
second-stage nozzle assembly. The annulus between the inlet of the second- 
stage nozzle and the discharge of the first-stage turbine wheel permits 
circulation of hot gas. 

Stationary segments installed over the turbine blade tips (segmented to 
provide for expansion) are fitted on the inner diameter with an abradable 
material that will wear readily if touched by the rotating turbine blades. 

In the same way, the three labyrinth seal stators will wear to establish a 
running clearance with the rotor. The stator of the shaft labyrinth is lined 
with bronze while the two turbine seals are made of 1/32 cell-size stainless 
steel honeycomb. 

The rotating assembly is built up as a separate cartridge that can be 
installed or removed from the turbine housing. The second-stage nozzle ring 
is trapped between the two turbine wheels, and it is supported for balancing 
from the bearing carrier by a special assembly fixture. This fixture prevents 
damage to the intermediate labyrinth seal. The rotating assembly is dynamically 
balanced outside the turbine in a special balancing fixture. 

The ball bearings selected for the APU are 205-size angular-contact-type 
with relieved inner ring and outer land riding machined separator. The material 
is M-50 for the balls and rings and silver-plated steel for the ball separator , 
The nominal DN number is 1.575 x 10^. The bearings are lubricated by directed 
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Figure 13. — First-Stage Nozzle Housing. 
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flow from an oil jet and cooled by the same lubricating oil and also by the 
oil flowing under the bearing cores through slots cut on the shaft. 

Gearbox and lubrication . — The APU-T gearbox was not designed for zero-g 
flight capability and was provided with two pump drive pads, but no alternator 
pad. It used many existing components to minimize tooling cost, because 
demonstration of the gearbox component was not necessary for the attainment of 
program objectives. The gear train design of aircraft-type gearing (manufactured 
for the Lockheed SST-ECS compressor) was utilized because it had been designed 
and tested to operate at comparable Input speeds and horsepower. 

The APU-T gearbox had the following design requirements; 

(1) Two output pads for hydraulic pumps (5000 rpm) 

(2) Input pad for the rotating assembly (63 000 rpm) 

(3) Lubrication system suitable for laboratory unit 

In addition, the size of the two ABEX hydraulic pumps dictated the center spacing 
of the two output gears. The output power from the gearbox was 400 hp. 

The APU-T gearbox is a conventional two-stage reduction design and detailed 
drawings can be found in ref. 1. 

The first-stage speed reduction (fig. 14) comprises an 18-tooth pinion, 
three 54-tooth planet gears with carrier, and a 126-tooth ring gear. This com- 
bination provides a reduction of 7:1, or an output speed of 9000 rpm. The carrier 
supporting the planet gears is nonrotating. An arrangement of a cluster of three 
planets around the pinion reduces the load on the pinion gear teeth and the 
radial loads on the pinion bearings. The pinion is supported by two ball bear- 
ings, preloaded in one direction by a coil spring. A qu i I I shaft transmits 
the torque from the turbine to internal splines in the pinion. The torque from 
the pinion is divided between three planet gears that rotate on bushings about 
fixed pins in the carrier. The planet gears also engage the ring gear, made 
somewhat flexible by its small radial thickness and its external spline connec- 
tion to the ring gear hub. Flexibility of the ring gear compensates for 
inaccuracies in the gear system, assuring more equal load sharing between the 
three planet gears. 

The ring gear hub Is pinned to the 9000-rpm pinion and held axially by 
a locknut on the end of the shaft. Torque from this gear is split equally 
between the two mating gears, and the speed is reduced to an output rpm of 5000 
by the tooth ratio of 53:95. By placing of the two output gears symmetrically 
about the-: pinion, the load on the pinion bearings becomes negligible. The two 

shafts of the output gears are provided with internal splines for coupling to 

two ABEX hydraulic pumps. 

As shown in fig. 14, the housing for the gearbox is made of two slabs 
of aluminum jointed together on the vertical face. All bearings are installed 
in steel bushings that are bolted and shrunk in the aluminum housing and line- 

bored in place. The steel planet carrier Is attached to the turbine side 









aluminum housing and becomes the basis for the location of the other bearings. 
It carries the high-speed planet bearings and provides support for one of the' 
9000-rpm pinion bearings. 

The gearbox and the turbine are lubricated by an external oil supply 
distributed to the gears and bearings as shown in fig, 15 , Oil to the high- 
speed turbine bearings is supplied from the gearbox and enters the turbine 
bearing carrier via a coupling tube. In the turbine bearing carrier, one jet 
lubricates each bearing, and the oil is returned to the sump by means of an 
oil slinger. Oil for cooling the turbine bearings enters the tube shown at 
the left of fig, 15, flows through the tube shown at the left, and flows 
through the tube inside the 9000-rpm hoi low pinion shaft to the high-speed 
pinion, where it jets into the hollow quill shaft. From the quill shaft, the 
oil enters the turbine shaft and flows through axial grooves under the two ball 
bearings and ball bearing spacer to the slinger, where it is pumped out and 
into the pump. Oil jets within the gearbox are provided for iubricating the 
65 000-rpm pinion, the 9000-rpm gear , and the two bearings supporting this 
gear. The rest of the bearing and gears are sp 1 ash-l ubr icated. The planet 
bushings are lubricated by internal passages in the planet carrier that feed 
oil to the three stationary pins. 

The two ABEX hydraulic pumps are attached at the gearbox using standard 
accessory pads. To prevent oil from leaking into the pad cavity, each shaft 
is fitted with a carbon-f ace-type seal, 

Hydraul ic pumps . — The hydraulic pumps designated for the Ho-O, APU 
system were the Abex Model AP27V-3-02 series, in-line, axial-piston pressure- 
compensated, variable-delivery design. The pumps included a solenoid valve 
added to their port cap to provide depressur i zat ion . 

For this Abex AP27V-ser i es-type pump, the pistons are actuated by a 
variable lift cam. The cam angle that, contro 1 s piston stroke is varied by a 
pressure compensated stroking piston. The compensator uses a pressure sensor 
and a three-way slide valve to control pressure to the cam angle control piston. 
The pressure compensator regulates outlet pressure within a small band for 
varying demand flow rates. 

The axial thrust of the piston against the cam plate during compression 
stroke is balanced hydraulically. Positive piston hold-down is provided by a 
hold-down plate, retainer, thrust bearing and hold-down nut. They serve to main 
tain a preset clearance between the piston shoes and cam face for starting and 
with overrunning loads. Depressurization is accomplished by porting pressure 
from the outlet port directly to the stroking piston, bypassing the compensator. 

Pertinent design characteristics of the pumps are summarized below: 

Type: Abex Model AP27V-3-02 

Theoretical displacement: 4.0cipr (max.) 

Speed: 5020 rpm 
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Gearbox Lubr i cat ion 








Maximum delivery at 5020 rpm: 80 gpm at 3750 psig 

Fluid: MIL-H-5606 

Weight: 30 lb 

Number of pistons: 9 

Polar moment of inertia: 0.061 in.-lb-sec^ 

Required inlet pressure: 60 psia 

Hydraulic fluid temperature: 395 R to 700 R 

During pump operation, the nine pistons reciprocate in the cylinder barrel. 
As the barrel rotates, the pistons reciprocate within their bores, intaking 
and discharging Huid through a stationary bearing surface on the port cap. The 
stroking piston is stabilized by the three-way valve in the pressure compensator 
at a position that provides a pump displacement consistent with system demand. 

Prior to use in APU-T system tests, the two Abex AP27V-3-02 pumps were 
calibrated at hydraulic fluid inlet temperatures of 560 R and 700 R. After 
approximately 9 hr of APU-T tests, the pumps were damaged during a particular 
test series as shown in a subsequent subsection. Summary of Conducted Tests. 

The pumps were repaired and recalibrated. The data obtained prior to testing 
and after pump repair is shown in figs. 16 and 17 for the SN 109670 and 
SN 109671 pumps. The pumps delivered approximately 80 gpm for an input shaft 
power of 200 hp prior to repair. After repair, the delivery of SN 109670 
changed slightly, particularly at the higher horsepower inputs, to require 
less input power for the same delivery. 

The pump ca I i brat ion data was used to determine test horsepower level from 
measured hydrau I ic f I ow. The calculation procedure and pertinent equations used 
in the data reduction of the APU-T system tests is outlined in Appendix A. 

APU-T Control Subsystem 

The control subsystem for the APU is an advanced electronic fuel propellant 
control (fig. 18h The subsystem meters both the hydrogen and oxygen flow to 
control turbine inlet temperature and turbine speed. It controls the hydrogen 
temperatures for the lube and hydraulic oil coolers to prevent freezing either 
the lube oil or the hydraulic oil. It provides temperature control of the 
propellants flowing into the combustor. It controls the startup and shutdown 
sequence required for system operation. The elaborate monitoring system 
detects faults, not only within the engine portion of the APU, but within 
the controller itself and provides a safe, swift shutdown of the entire system 
in the event of a malfunction. 

The control subsystem comprises primary and secondary controls. The 
primary controls are the dynamic control loops that position the Ho and O 2 
flow control valves and the heat exchanger bypass valve used for propellant 
temperature control. The secondary controls are the logic circuitry required 
for system startup, shutdown, and monitoring. 
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Figure 16 .—Ca I i brat ion of AP27V-3-02 Hydraulic Pump SN 109671. 
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Figure 1 7 Ca I i brat i on of AP27V-3-02 Hydraulic Pump SN 109670. 




The breadboard control functions as a flight-type controller would, but 
contains certain features desirable for development that would not be incor- 
porated into a flight design. For example, the combustor pressure and 
temperature, turbine speed, and equalizer outlet temperature can be adjusted 
to various set points other than the design values. With various set points 
there is great flexibility In Initial testing. A number of the automatic 
fail-safe shutdown provisions are included only for development of the APU. 
Details of the control subsystem design can be found in ref. 1. The control 
concept was verified prior to system tests using a turbine simulator (analog) 
Test results are summarized in Appendix A, Control Subsystem Tests, and the 
testing resulted In a subsystem capable of controlling the APU-T system. 

Primary control s . --The primary controls, shown in fig. 19, include the 
following: 


(1 ) 

T urb i ne 

speed control 

(2) 

Turb i ne 

temperature control 

(3) 

Bypass 

controls 


The logic of each of these controls is shown in the applicable partitions 
of the block diagram (fig. 19). In operation, the turbine speed control compares 
actual turbine speed with a reference speed, either 20 000 or 63 000 rpm. The 
20 000-rpm reference speed allows slow speed operation of the APU during initial 
checkout and the 63 000-rpm reference speed provides the primary control during 
normal operation. The turbine inlet temperature control is cross-coupled with 
the turbine speed control and controls the ratio of oxygen valve area to hydrogen 
valve area. A speed change commands the hydrogen and oxygen valves to move 
together, either both open or both closed, to maintain a constant temperature 
in the combustor. At the same time, mass flow through the combustor is con- 
trolled to provide the required APU power requirements of the turbine. The 
bypass controls are cross-coupled with the control of the hydrogen temperature 
to the inlet of both the hydraulic oil cooler and combustor. With this network, 
bypass flows can be adjusted to prevent freezing either hydraulic oil or lube 
oil. 


Turbine speed control: The speed control Is an integral control that is 

compensated with various dynamic terms. The forward transfer function (fig. 19) 
is the integrating control portion of the controller. The output of this 
block comes into the lowest wins (that is, only the lowest value of several 
outputs is used in the next control segment), which is compared with the power 
demand out of the pressure control loop. A pressure control enables open loop 
operation of the turbine by controlling combustor pressure. A variable refer- 
ence from 100 to 500 psig slowly accelerates the turbine to avoid overspeed. 

The pressure control Is a straight integral control loop. A reference pres- 
sure of 500 psig is above maximum attainable combustor pressure. This moves 
the pressure control loop into a regime where it does not affect the subsystem 
control. In a production H2“02 the pressure control loop would not be 

necessary. 
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The output of the lowest wins is fed into a four-segment function generator 
which is used to increase the gain of the loop as the control valve goes from 
choked to subson i c f I ow . This allows the overall loop gain to remain approxi- 
mately constant throughout the operating range of the APU. The output of the 
function generator then feeds directly into the hydrogen flow control valve 
minor loop. The minor loop is a positioning loop on the control valve enabling 
faster total response for small control valve signals than would otherwise be 
possible. Therefore, the speed control primarily opens or closes the hydrogen 
valve according to whether the speed is too high or too low. It also cross- 
couples into the turbine inlet temperature control, which is also an integral 
contro I . 

Turbine inlet temperature control; The turbine inlet temperature control 
is coupled with the speed control to maintain a constant temperature in the 
combustor for various turbine power requirements. That is, with a change in 
the position of the hydrogen flow control valve (as determined by the speed con- 
trol), the position of the oxygen flow control valve is changed simultaneously 
to maintain essentially the same valve area ratio during the initial part of 
the transient. Oxygen valve position subsequently is trimmed by the turbine 
inlet temperature control as required. The oxygen flow control valve has a 
positioning loop to provide faster closed loop response with small variations 
and control position. In this way, close temperature control can be maintained 
during a load transient using a temperature sensor with relatively slow response. 
At the same time, the accuracy of a closed-loop control is obtained for steady- 
state operation at any load condition essentially independent of ambient condi- 
tions or propel lant inlet temperature. 

The control loop uses a lead- lag network in the feedback to compensate 
for the slow response of the thermocouple and to provide stability for the 
temperature control loop. The thermocouple is undercompensated at minimum 
power, which results in a controlled gas temperature that is high when the 
temperature of the thermocouple is low. As the thermocouple approaches steady 
state, the gas temperature also approaches steady state. The opposite occurs 
at maximum power; a low thermocouple temperature results in low gas temperature. 

Bypass controls: The bypass controls are separate from the turbine speed 

and turbine inlet temperature controls. They consist of the T-32 temperature 
control and the T-58 temperature control, which are, respectively, the control 
of the hydrogen temperature at the inlet of the hydraulic oil cooler and the 
control of the hydrogen temperature as it enters the combustor. Both control 
loops are integral control loops with lead- lag feedback to compensate for the 
time constants in the thermocouples and the output of the two integrators that 
are fed into a cross-coupling network. There is a nondynamic cross-coupling 
of the bypass and series valves to provide a minimum interaction between the 
control loops at the expected crossover frequencies. 

The cross-coupling network is designed so that the T-32 temperature con- 
trol can fully open or fully close the preheater bypass valve, independently 
of the T-5B temperature control output setting. Conversely, the combustor 
control can fully open or fully close the recuperator bypass valve independently 
of the output of the hydraulic oil control integrator. Both of these control 
loops are cross-coupled to provide an overall system that separates the vari- 
ables. When the preheater bypass valve is repositioned, it not only changes 
the temperature coming out of the preheater, and thus the temperature coming 
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into the hydraulic oil heat exchanger, but also the amount of temperature drop 
that the hydrogen receives between the recuperator and the equalizer; therefore, 
it affects the combustor inlet temperature. The same Is true of the recuperator 
bypass. To decrease the amount of bypass around the recuperator, the hydrogen 
temperature increases at the mixing point to raise the temperature going into 
the preheater as well as into the equalizer and finally into the combustor. 

The cross~coup I i ng network thus handles the requirement of two temperature 
controls and takes into account the interaction of both temperatures with a 
change in either of the bypass valves. Both valves move in such a way that the 
hydraulic oil inlet temperature is not affected by changes in the output of the 
combustor inlet temperature control. 

Secondary controls. — The startup and shutdown logic shown in fig. 20 
is designed primarily to prevent an oxygen-rich mixture from passing over the 
hot turbomachinery. This requires that the hydrogen shutoff valve open first. 
After the hydrogen pressure is obtained and hydrogen flow is established, the 
oxygen valve is opened- 

For shutdown, the oxygen shutoff valve is closed. The signal that closes 
the oxygen shutoff valve also reduces the command of the combustor pressure con- 
trol to 50 psig. Interruption of the oxygen flow is detected by the turbine 
inlet temperature sensor, and the hydrogen shutoff valve remains open until 
the temperature of the overtemperature thermocouple is below 900 R; 900 R is 
used because the turbine inlet temperature control point can be selected as 

low as. 960 R . 

The startup and shutdown logic incorporates several subsystem interlocking 
features and receives several monitoring inputs which assure a safe, smooth 
start with minimal temperature perturbations at the combustor and the turbine. 

If at startup all monitoring conditions are valid (no failures within the 
system) and the startup switch is turned on, the hydrogen shutoff valve is 
opened and hydrogen flows Into the hydrogen side of the propellant condition- 
ing system. When the hydrogen pressure reaches 300 psig, a hydrogen under- 
pressure switch (located after the equalizer and before the hydrogen flow 
control valve) Is closed, which allows the oxygen shutoff valve to sequence 
open- 


As this secondary control imposes the proper startup sequence, the 
primary control opens the hydrogen flow control valve fully to bring the 
turbine up to speed. At the same time, the turbine inlet temperature is be ow 
operating temperature, which would normally open the oxygen flow control valve 
fully. However, to avoid overtemperature of the combustor at startup, the 
turbine inlet temperature control at the output of the integrator is limited 
in range to a 4-percent minimum and a variable maximum, which limits the oxygen 
flow control valve area to 4 percent of the hydrogen flow control valve area 
as long as the oxygen shutoff valve is closed. That Is, when the oxygen shut- 
off valve is closed, both the minimum and maximum limit ratios are 4 percent, 
but when the oxygen shutoff valve is open, the upper limit on the ratio 
increases exponentially to 22 percent. Exponential increase of the maximum 
limit ratio slowly increases the flow to the combustor and allows the sensing 
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-tiiermocoup le to reach the control point before an overtemperature occurs in 
the combustor. As the combustor temperature comes up to the control point, the 
temperature control automatically takes over and slowly overrides tne maximum 
limit ratio. If a failure is detected or the start switch is turned off, the 
valves close in an opposite sequence. First, the oxygen shutoff valve closes. 

As the temperature drops in the combustor, the temperature control loop opens 
the oxygen flow control valve, but the valve is pulled back to the minimum 
position because the oxygen shutoff valve has been closed. Also, in response 
to the drop in combustion temperature, the hydrogen flow control valve starts 
to open to maintain turbine speed, but when temperature in the combustor droos 
below 900 R, a timer is started for the hydrogen shutoff valve. After 15 sec, 
the hydrogen shutoff valve is closed. At that time, the hydrogen flow control 
valve will start to open, trying to maintain the turbine speed. It will continue 
to open until it reaches the full open point, at which time the turbine speed 
will actually decrease and the turbine tnen will start its deceleration. The 
15-sec delay before the hydrogen shutoff valve is closed permits nydrogen flow 
to cool down the combustor and the turbine area. It was found during testing, 
however, that with cryogenic propellant, this cooling down period affected 
the APU adversely and should be eliminated with no cooldown period prior to 
valve closure. 

Monitor: The monitor philosophy of the APU system is to monitor selected 

parameters and to initiate a normal shutdown upon detection of oossib le f ai I- 
ijre. The parameters were selected by weighing two factors: (1) the criticality 

of tne parameter, and (2) the ease of obtaining the data. Special sensors were 
incorporated into the system to obtain independent measurement of the turbine 
speed and the turbine inlet temperature. The difference in turbine inlet temp- 
erature as measured by the two thermocoup les is accomplished by the incorpora- 
tion of an amplifier and two diodes. The approach has been to set the failure 
limits conservatively with the hazard of unnecessary shutdowns. _ That is, the 
system is shut down, and then the problem is determined. The limits for shut- 
down are shown in fig, 20. If one of the monitored parameters consistently 
shuts down the system, the parameter limit can be changed or the monitoring 
of that particular point can be deleted. 

Mon i tor i ng f unct i ons : A block diagram of tne failure monitoring is shown 

below. 


I nput 
signals 


a 

e 

6 

A 


F a i 1 u re 
Mon i tor 
Logi c 


To shutdown logi 


Fail i nd i cator 


c 


The four input signals are defined as a, 3 , 6 . arid A. The nonfailure logic 
levels are defined as: 

a < I .0 6 - 8.0 


B >-8.0 


A>-l .0 
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I f any or all of these logic levels are exceeded for a period of 0.02 sec, 
two logic signals are provided: one to energize the faiiure indicator and the 
other as a signal to the shutdown logic. 

The control system was mechanized with the control circuits scaled 
electrically so that their dynamic operating range did not exceed the failure 
monitor voltage limits. In cases where this was not possible, the circuits 
were bounded to predetermined maximum amplitudes with low leakage zener diodes. 
An example of this type of circuit is shown below. 



€ 


The failure monitor continuously monitors the input parameters for continuity 
and level exceedance. Some of the monitored parameters are the turbine speed 
monopoles, all thermocouple inputs, and loss of position feedback signals. • 

Sensors: The three types of sensors used to provide information to the 

controller are (1) speed, (2) temperature, and (3) pressure. 

Two speed sensors are used. The first counts the passage of the 95 teeth 
of the pump drive gear, which rotates at 5020 rpm, and provides a nominal • 

7943-Hz signal to the controller for the primary speed control. A second 
identical sensor is located so that it counts a 60~tooth disk on the turbine 
shaft. It provides a nominal 63 000-Hz signal that is used to detect an over- 
speed condition. 


Four thermocouples are used to monitor gas temperatures in the system. • 

These thermocouples are of a special design to combine high response with 
resistance to the effects of hot hydrogen gas and a vibratory environment. 

The thermocouple joint is supported in a magnesium oxide insulation swaged 
in an 0 .032- i n .-d i a Inconel tube. This design provides a time constant of 
approximately 0.2 to 0.4 sec, depending on the gas flow rates. 


Two pressure switches are used to provide a switched signal to the con- 
troller in the event of overpressure or underpressure in the lubrication system. 
An overpressure condition could occur if the oil In the oil cooler congealed 
sufficiently to block the flow. The underpressure switch checks if lube oil 
is flowing. 


An additional pressure switch detects hydrogen underpressure. When the 
hydrogen pressure reaches 300 psig, the switch is closed allowina the oxyaen 
shutoff valve to sequence open. 
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Valves: The APU-T system valves include eight valves in the following 

four configurations: 


(1 ) 

Four identical 

hydrogen 

bypass valves 

(2) 

Two identical 

oxygen pressure regu 1 ators 

(3) 

A hydrogen flow control 

va 1 ve 

(4) 

An oxygen flow 

control 

va 1 ve 


AM but the oxygen regulators are controlled by electrical signals from the 
APU-T controller. The valves were designed to conform to reference system 
specifications as a minimum, but are not flight weight. 

Oxygen pressure regulator: The oxygen regulator (fig’. 21) function is to 

regulate oxygen pressure at the inlet to the combustor. 

In the oxygen pressure regulator, a ceramic ball-poppet valve is positioned 
by a calibration spring and differential pressure acting on a bellows, actuator. 

The regulator normally is full-open. As downstream pressure reaches the 
regulation band, the downstream pressure, which is vented to one side of the 
bellows actuator, overcomes an opposing load due to the calibration spring 
plus ambient pressure acting on the other side of the actuator. The actuator 
moves and allows a spring to move the ball poppet toward the closed position. 

The balance of forces — downstream pressure on one side of the actuator and 
the calibration spring and ambient pressure on the othei — maintains the poppet 
position required for regulation. 

A port is provided on the top of the valve body for connecting the 
regulator to ambient. If oxygen internal leakage should occur, it would be 
ducted overboard (to ambient). 

Two identical regulators are connected in series, with the downstream 
regulator set 50 psi higher than the other. The downstream unit, therefore, 
protects against an open failure of the prime unit without interfering with 


normal regu I at ion. 

Performance character i st i cs are as follows: 

Work ing f I uid GO 2 

Regulated outlet pressure, psig 550 + 25 

Maximum flow, Ib/min (ref) 6.62 

Inlet pressure, psia 878 

Temperature, R 665 


Pressure drop, 


ps i d 


313 
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0.454 


Minimum flow, Ib/min (ref) 
Inlet pressure, ps ia 
Temperature, R 
Pressure drop, psid 
Response time 

L i te 




900 

750 

335 


100 ms from 
min. to max. 

1000 hr 



Figure 21. — Oxygen Pressure Regu I ator. 


Hydrogen bypass valve: The four identical hydrogen bypass valves (fig. 22) 
in the system operate in response to electrical drive signals from the system • 

controller. Two of the valves control bypass flow around the recuperator, and 
two of the valves control bypass flow around the preheater. The bypass flow 
around these two heat exchangers is varied as required to comfrol hydrogen 

temperature at the combustor inlet and at the inlets to the hydraulic and lube 
o i I coo I ers . 

The valve modulates hydrogen flow by rotation of a circular flat plate in 
the flow duct. The plate is attached to a shaft that is connected to the 
torque motor. Application of current to the torque motor causes the valve to 
move toward open. With increasing current, the valve will continue to open, 
with the travel limited to 80 deg by a mechanical stop. In the closed position, 
the valve does not seal leak-tight. • 
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Figure 22 .—Hydrogen Bypass Valve. 


in the current APU-T, two valves are used for each 

• * 4 . In cpripc; with the heat exchanger and one in parallel, 

bypass circuits; jhe two valves in each bypass loop are 

As one valve opens, the other c +hrpf»-wav valve. The two valve sets 

iivinghi'jprL"^^ ;^":irio;id'brrrpi^^ 

modulating valve. 


i nteract ion . 
three- 


Performance characteristics are as follows 
Work i ng fluid 
Maximum flow, Ib/min 

Inlet pressure, psia 
Temperature, R 
Pressure drop, psid 
Minimum flow, I b/m i n 

Inlet pressure, psia 


GH2 

7.83 

541 

520 

0.8 

0.0288 

563 


Temperature, 


550 


45 


Pressure drop, psid 
LVDT resolution 

Response time 

Oxygen flow control valve: This v 

the combustor in response to electrical 
inlet temperature constant with varyinq 


0.6 

+0.5 percent 
of fu 1 1 sea I e 

200 ms from 
min.-to-max. 

Ive (fig. 23) modulates oxygen flow to 
control signals and maintains turbine 
load and system conditions. 



73814-3 


Figure 23.— Oxygen Control 


Valve. 


The basic components of the oxygen flow 
poppet assembly, (2) a dc, dry-type, linear 
(Servotronics Part Number 99-D0201), and (3) 
Type 050 MHR). 


control valve are: 
displacement torque 
an LVDT (Schaevitz 


( 1 ) a dua I - 
motor 

Engineer ing 


signals from the control are fed to the torque motor 
which IS directly coupled to the dual poppet valve shaft. As torque motor 

from zero, the spring-loaded-closed poppet assembly is 

UaVTnrV.l ' gaseous oxygen into the combustor. Gas 
I] + J current ,s increased until the flow reaches a maximum value 

at the full open position of the dual poppets. 

arrangement on a common shaft provides pressure force balancing 

balancriHprr^+h"®?''"®'"®'^! actuating torque motor. Because of This 

balance effect, the torque motor output directly drives the poppet assembly. 
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Poppet position is fed back to the control circuitry by means of a 
400-Hz LVDT. The LVDT case is attached to the valve case, and the movable 
core is threaded to the poppet shaft. The position of the poppet thus is 
registered within the control logic for control monitoring. 

The torque motor assumes the closed valve position with zero electrical 
current input. An additional magnetic closing force exists at the zero current 
conditions. The separate poppet closing spring acts to force the poppets closed. 
Thus, the oxygen control valve has redundant forces in the closing position in 
the event of power loss. 

The performance character i st i cs are as follows: 


Working fluid GO 2 

Maximum flow, Ib/min (reference) 6.52 

Inlet pressure, psia 532 

Temperature, R 663 

Pressure droD, psid 61.8 

Minimum flow, Ib/min (reference) 0.454 

Inlet pressure, psia 570 

Temperature, R 750 

Pressure drop, psid 536 

Pressure out, psia 34 

LVDT resolution 10.5 percent 

of f u I I sea I e 

Response time 40 ms from 

min.-to-max. 

condition 

j fe 1 000 hr 


Hydrogen flow control valve: The hydrogen control valve modulates hydrogen 

flow to the combustor in response to electrical control signals, and maintains 
constant turbine speed under varying APU loads and system conditions. 

The basic components of the hydrogen flow control valve are: (1) a 

dual-poppet assembly, (2) a samarium cobalt dc motor (AiResearch PN 519038), 
and (3) a linear variable displacement transformer (LVDT) (Schaevitz Engineering 
Type 050 MHR). The valve has been designed to meet the requirements of the 
hydrogen flow control valve specification. The control valve was originally 
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designed with a torque motor, but the motor was undersized, and as a result, 
the torque tube was subjected to high loads and was subject to cracking. The 
development testing which led to the use of an electric motor drive can be 
found in Appendix A, Control Subsystem Tests. The electric motor-driven 
hydrogen control valve (fig. 24) includes a slip clutch to prevent excessive 
loads to the drive and a return spring which opens the valve upon. loss of 
electrical power. 

Electrical input signals from the control are applied to the electric motor 
drive, which is connected to one end of a pivoted lever. The opposite end of 
the lever is attached to the poppet valve shaft on which dual poppets are mounted. 

The normal (deenergized) position of the electric motor output shaft is 
held at the midstroke position of the motor by a return spring. This position 
corresponds to the midstroke of the poppet valves. Upon apolication of polarized 
current (correspond I ng to a close-valve signal) to the electric motor drive, 
the valve poppets are forced against the poppet spring toward the closed posi- 
tion. As current is increased, poppet movement continues until the poppet shaft 
is against a mechanical stop (valve nearly closed). As current is decreased, 
the valve moves back toward the central position. A change in electric motor 
polarity drives the poppets toward the full-open position. This motion is 
assisted by the poppet spring. 



S -8 8031 


Figure 24. — Layout Electric Motor-Driven H 2 Flow Valve. < 
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Poppet position is fed back to the control circuitry by means of a 400-Hz 
LVDT. The LVDT case is attached to the valve case and the movable core is 
threaded to the poppet shaft. The position of the poppet thus is registered 
within the control logic for control monitoring. 

Performance character i st i cs are as follows: 


Work i ng fluid 


GH 2 

Maximum flow, Ib/min 

( ref erence) 

9.02 

Inlet pressure, 

ps ia 

506 

Temperature, R 


693 

Pressure drop. 

ps id 

45.3 

CA (reference). 

in p- 

0.0950 

Mini mum flow, Ib/min 

(ref erence) 

0.701 

Inlet pressure, 

ps i a 

575 

Temperature, R 


750 

Pressure drop. 

ps i d 

540 

CA (reference). 

i n .2 

0.00400 

LVDT resolution 


+0.5 percent 
of full scale 

Response time 


40 ms f rom m i n . - 
to-max. condition 

L i fe 


1000 hr 
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APU-T SYSTEM TESTS 


Test Purpose and Data Obtained 

The APU-T is an experimental test version of the APU system described in 
the previous two sections. The system was designed to investigate and demon- 
strate the new technology required for the flight-type APU. The specific test 
purposes were as follows: 

(1) Develop and verify the operation of the control subsystem. 

(2) Develop and verify proper functioning of the various components in 
the system environment. 

(3) Determine the performance and operating character i st i cs of the over- 
all system and system components under various transient and steady- 
state load conditions. 

(4) Develop and verify the validity of the computer simulator model. 

Data were taken to determine the flow pressure and temperature entering and 
leaving each process. Performance was calculated from digital data. Operatina 
character istics were determined from digital data and oscillograph traces at 
selected stations where transients were of interest. Overall performance wa^ 
calculated from hydraulic and propellant flow measurements. Turbine shaft 
power was calculated using hydraulic pump calibrations performed by the pump 
manuf acturer . ^ 


Test Facility Description 

Testing of the APU-T system was accomplished at the AiResearch Mint Danyon 
facility in the layout shown in fig. 25. Photographs and schematics of the 
APU-T system as it was installed in the facility are given in figs. 26 through 
32. System components are listed in table 7. As reflected in the schematics 
the APU-T_ test system comprises the reactant circuits (fig. 27), reactant thermal 
conditioning circuit (fig. 28), exhaust ejector system (fig. 28), power unit 
circuit (fig. 29), the hydraulic load bank circuit (fig. 30), the ignition system 
fig. 31), the controller (fig. 32), and the data acquistion system. In all 
significant aspects, these circuits are identical with those described for the 
reference system. Descriptions supplementing those of the reference system 
fol low. ' 

Reactant circuit. The reactant circuit is shown schematically in fig. 27. 

As shown in the figure, the circuit includes gaseous hydrogen and oxygen supplies 
and liquid nitrogen and hydrogen supplies. In operation, the hydrogen tank was 
filled from a 2500-psig tank trailer furnished by the hydrogen supplier. When 
LH 2 operation was required, the gas from the hydrogen tank, regulated to 560 
psig, was cooled to LH 2 temperatures (typically 50 R). Cooling of the flow was 
accomplished in two heat exchangers: the flow was precooled by LN 2 in the first 
exchanger and finally cooled to LH 2 temperature by LH 2 in the second. 
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F i cure 













Control console and electronic control Digital and analog data acquisition 

equipment 


Figure 26.--APU-T System Installed In Test Facility (Continued). 
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Figure 27. --System Tests, Reactant Circuits (Showing Instrumentation Points). 













Instrumentation Points). 










Opera 1 1 on : 

Turn on oxygen 
when relay closes 

Turn on hydrogen 
when relay opens 


One Sol. valve mus t be closed 
before other valve opens. 


s -94909 


Figure 31. — Spark Plug Gas Supply Circuit Schematic. 



SPARK 
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Figure 32. --System Tests, Controller (Showing Instrumentation Points) 



TABLE 7 

EQUIPMEW LIST 


Oj storage tank 
►"2 storage tan^ 
O2 sncto/^ 

H2 shjtof^ 


S ^ O2 shutoff 


6 
7 
I 0 


Hn shutoff 
Cp regulator 
Hp regulator 


■ 7 ' O2 re ’ i ef va 1 ve 
20 I -<2 ' ' e f va I ve 


29 

35 

37 

38 


61 

63 

64 

65 


! 76 

77 

78 

79 

80 

81 

82 

8 J 

84 

85 

86 
87 
68 

89 

90 

91 

92 

93 

94 

95 

96 

97 

98 

59 


Conhustcr head 

Op control valve 
Hp cortrol valve 

I gni t ton exci ter 
Cp "eguiator 


42 Op accuru’ator 

4 k I APU-T cor t ro I le - 

45 I Turbi re ana log 

46 j Hydraulic Icao selector 

46 [ Hp truck 

49 H 2 truck shutc^f 

54 j Bypass valve 
56 ; P'-eneater 


Rectperator 

C2/LN2 heat exchanger 

O2/LN2 heat exchanger shutoff 

valve 

O2/LN2 neat exchanger bypass 


66 I Op venturi 

67 Hp venturi 

7 ’ I Lub"icatirg o I cooler 

72 j Hycraulic oi I cooler 

73 Equal i zer 

74 I Regenerator 

75 , Turbine oower unit 


Thermocouple, cortrol 
Oxygen check valve 
F I y(«Mhee I 

Purge valve <H2 si de) 

Purge valve (Cp s de) 

Check valve 'ine) 

Check valve (Op line) 

Check valve {Hj po'ge) 

Check valve (O2 purge) 

Relief valve, Mp 

Case drain return valve 
Case drain to cooler valve 

0 I coo >r flow va K/ e 

01 1 CDole'' neter valve 
GOp-LNp heat exchange'^ 

LN 2 fill valve 

GC2 vent valve 

CCp shutoff valve 

Cp dunp valve 

Cp dunp valve (lab oper) 

Op fi Iter 
Hp filter 

LHp-nydrajIic o I heat exchanger 
bypass 

Hydraulic pump shutoff valve 


Oescrl ptl on 


Manja I 
harua 1 
Remote 

Reno te 


PN SK65202 

394372 

W 394376-1 


^ 393154 (2 "equi red) 

PN 

PN 

(Part of analog) 

Pfi 394376-1 (4 recui red) 
Ph ' 59 ' 70-1 
PN 159560-1 


NASA V5 

NASA ^'6 

PN 159550-’ 

PN 159550.1 

PN 159580-1 
PN 15957 C -1 
PN 581190-1 

PN OSW -787 (2 requ, red) 
PN 3 C 2148 (crissaire) 
OSw -786 


f te-n 


101® 

102 ® 

103® 

104 ® 

105® 

106 ® 

107 ® 

108 ® 

1 09® 
110® 

IM® 

rz' 

' 14 

115® 
116 ® , 
"it 

I ' 8 ® 
> 19 " 

^ 27 ' I 

128 I 
129 ® 
130® I 

131 

'32 

133 

134 

135 


Name 


136 

137 

'36 

141 

142 

143 

144 

145 

146 

147 

140 

149 

>50 

151 

152 

153 

154 

155 

156 

157 

158 
'59 


8 gpm (N.O. ) 

160 

8 9 pm (N.O. ) 

I 6 i 

8 gpm (N.O . } 

162 

Needle valve (8 gpm) 

163 

Exi sting dewar 

164 

On test cel) wail 
NASA ' 

165 

NASA 

166 


167. 


168 


169 


170 

8 gpm at 0 F 

'71 

1 

172 

_J 

173 


LH2 punp i nlet shjto*'f 
LH 2 tank 1 1 shutoff 
LH2 pump out let va i ve 
Lhp pumo 

Lh2 tank vent valve 

CHp tank pressure control 
LH2 tank safety di sc 
LHp tank re 1 1 e valve 
H2 vent stack 
LHp ouniD relief 

LH2 puffip safety c - sc 
LH2 tank pi'essure cont'-ol 
N2 regulator 
j N2 regulator 

LH2 tank pressu-'e shutoff 

N2 shutoff 
I LHp tank 
Vacuum punp 

Vacuum Jacket burst disc 

Lrip fill connect i on 
Vacuum jacketec I i re 
Lhj Dump chi 1 Idowr valve 
Cni I idowr p. lot valve 

Np regu I a to r 
GHpLNp heat exchanger 
CM2LN2 shutoff valve 
Ch2lNp bypass valve 
GH2LN2 fi :i valve 

GHpLHp neat exchanger 
uHp vent valve 
GHp shutoff va I VC 

Hyd'a u I i c load valve 
ftydrautic load valve 
Hydraulic load valve 
hydrau 1 i c loac or i ■'[ ce 
hydraulic load c ce 

Hydrau lie >oad or i f ce 
Hydrau I i c load ori f 1 ce 
Hydrou'ic load orifice 
hyorau 1 i c load cri f, ce 
Hydraulic oil/water hea: exchanger 

Hydrau li c I f i 1 ter 
Hydrau ! c oi I f i I ter bypass 
Pressurized reservoi r 
Np fill valve 

Oil fi 1 I valve 

Vacuum vent valve 
Low-pressure relief va^ve 
High-pressure relief valve 
Equalizer vacuuTi valve 
Lubricating o I sump 

Lubricating pump 
Lubri cati ng re 1 1 e f valve 
Lubri cati ng ell filter 
Hydraulic o l/HpO neat exchange^ 
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When checkout on GH 2 was required, the heat exchangers were bypassed. Flow 
tneasurement was accomplished with a metering venturi located upstream of the 
heat exchangers and the bypass. 

Reactant thermal conditioning circuit . — From the reactant circuits, the 
propellant entered the reactant thermal conditioning circuit (shown in fig. 28) 
where the various heat transfer functions were performed to heat the cryogenic 
temperature propel i ants to a usable temperature and to cool the hydraulic and 
lube oil. This system is the same as that used in the APU reference system as 
described in detail under the headings: APU-t Propellant Feed and Conditioning 

Subsystem and Reference System. 

Exhaust ejector system . — Space conditions were simulated in the turbine 
exhaust system and recuperator using a facility steam ejector. The ejector 
system circuit is included in fig. 28. A two-stage ejector was used with 
independent controls on each stage. This permitted the setting of exhaust 
pressure at the predicted value for space 'operation at any set of APU-T operat- 
ing conditions. The system also was suitable for operation with ambient pressure 
exhaust. 

Power units circuit . — The conditioned propel I ants entered the combustor 
and turbine through the H 2 and O 2 control valves, as shown in fig. 29. The 
power unit of the APU reference system is described in the sections entitled: 
APU-T Propellant Feed and Conditioning Subsystem and APU-T Turbopower Subsystem. 

Hydraulic load bank circuits . — Operation of the APU-T at selected power 
levels was accomplished by imposing various hydraulic loads in the hydraulic 
load bank. To impose a given load flow, it was decided to use one of three 
branches in the hydraulic load bank by operating the appropriate solenoid bank 
from the control console. Flow rates corresponding to the selected power set- 
ting were preset using the hand-operated valve in the selected branch. Upon 
loss of electrical power to the controller, a 200-hp load would be applied to 
the turbine to prevent overspeed. A portion of the flow was hydrogen-cooled 
by the APU-T cooler to demonstrate the cooling function in the APU-T system. 

This flow included the pump case drain flow plus a portion of the pump discharge 
flow. 

Cavitation of the pumps was prevented by holding their inlet pressure at 
80 psig using a pressurized reservoir. 

To simulate system operation on hot oil, the hydraulic oil was preheated 
to about 660 R prior to running the APU-T. Preheating was accomplished by 
introducing steam into the facility hydraulic oil cooler water, and circulating 
the oi I through the cooler /heater with the preheat pump. After the oil reached 
the desired temperature, the steam supply and the circulating pump were shut 
down, and the test was started. During the test, further heating of the 
hydraulic oil occurred in the pumps. Oil temperature was manually controlled 
by varying the facility oil cooler water flow. 
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Ignition system .— Combust ion was initiated by injecting ionized oxygen 
into the combustor using the modified automotive-type spark plug described in 
the previous section under the heading. Combustor. High voltage was supplied 
to the plug using an automotive-type electronic ignition system. 

Spark was supp I i ed to the combustor during startup only. Application 
of current to the plug was sensed in the controller by the use of an induction 
coil around the high-tension lead. Spark was supplied only when the H 2 control 
valve inlet pressure was above 300 psia and the turbine inlet temperature was 
below 1200 R. During this period, oxygen was supplied to the spark plug. When 
the spark was terminated, the oxygen flow was replaced by hydrogen to prevent 
breathing of combustor gases into the spark plug. A nitrogen purge was applied 
between the hydrogen and oxygen flows. The system providing these functions is 
def i ned in f i g. 31 . 

Control I er . — The electronic controller for the APU-T system is described 
in -the previous section under the heading, APU-T control subsystem. The system 
is basically the same as that used for the reference system, except that certain 
features were added for development use. Options were provided in the controller 
so that turbine temperature and speed and hydrogen control valve inlet temper- 
ature could be selected by a dial setting. Also, a limit could be set on the 
combustor inlet pressure at any value between 100 and 400 psig, The^ control ler 
inputs and outputs are given in fig. 32. The control instrumentation locations 
in the system are identified by flags that appear on the schematics of figs, 27 
through 30. 

Data acquisition . — The instrumentation data acquisition and reduction 
system consists of an acquisition subsystem located in the remote test facility 
at Mint Canyon and a data reduction subsystem located at both the Torrance and 
the Mint Canyon facilities. Transmission of raw data in digital format between 
the remote facility and the Torrance reduction facility is manual. A raw data 
tape and the appropriate test data sheet provide the input for the computer 
data reduction operation. The final output from the computer, is available at 
the Torrance facility, which is in easy access to the engineering project groups 
requiring the reduced data. The data flow from this system is shown in fig. 33. 

Data acquisition subsystem: Outputs of sensors located on both the test 

article and the support test equipment are signal-conditioned by the appropriate 
equipment located in the test control room. The ouput voltages from the signal 
conditioners (i.e., voltages proportional to the measured variable) provide 
the inputs to one or more of the three data recording systems according to the 
requirements listed in table 8. The recording systems are described below. 

V i sua I d i sp I ays . The displays numerically provide those parameters 
that enable the test operator to ascertain the state of the test. 

The visual display also includes parameters not recorded on the data 
acquisition system. Such parameters are displayed using pressure 
gages, indicators, and other devices.. 
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D igital data acquisition system (PDA S). C»AS obtains steady-state 
data for reduction by the offsite computer. The DDAS samples each 
of its parameters in turn, coverts them to binary-coded decimal, 
and stores then in sequence on an incremental magnetic tape. The 
sample rate for the 50-channel DOAS is one sample per channel per 
second; that is, any particular parameter Mrjil be measured once per 
second. Constants may be entered on the tape to identify the test 
type or run number. This information is supplemented by parameters 
on the test data sheet such as barometric pressure. The output from 
this system is a raw digital tape; no computations or further 
processing is done at the test site. 

^^9iog data acquisition system . Those parameters requiring continuous 
recording for the purpose of transient analysis are recorded on an 
analog frequency-multiplexing magnetic-tape recorder. The data thus 
recorded can be processed offline by an oscillograph recorder at the 
remote site for time-transient analysis. The basic data is sti I I 
retained on the tape, so further data reduction is allowed as neces- 
sary (i.e., frequency analysis). In addition to the data parameters, 
a voice track is recorded to enable time correlation between the 
test and the recorded data. 

Data reduction subsystems: These subsytems provide processing of both 

the analog and digital data. The analog data reduction has been mentioned, and 
a variety of other techniques exist within the facilities to process the data. 

Digital data brocesing is performed off-line at the Torrance facility. 

The three functions performed on the raw data are: (1) conversion to engineer- 

ing units, (2) calculations, and (3) output of the engineering data in the 
required format. The basic program consists of the following operations: 

(1) Read rout i ne— reads the raw data from the data acquistion tape. 

(2) Conversion rout i ne— converts the raw data to engineering data. 

(3) Calculation routine — computes the engineering data into the desired 
indirect data. 

(4) Output routine — Arranges both the engineering and the indirect data 
into the proper format for engineering analysis. The tabulated format 
is that used in the design analysis computer program. 

Test procedures ■ "The system was prepared for testing in accordance with 
the pretest checklist in fig. 34. This list defines the facility and APU-T 
conditions to be set during the test. The fully automatic startup was initiated 
by actuating the controller start switch. This was generally done under a 40-hp 
nominal load. Then the unit was allowed to run for 2 to 3 min. For the majority 
of power levels tested, this time was adequate for data sampling and stabiliza- 
tion. At the low power levels near 50 hp, about 4 to 5 min were reauired. Power 
settings were selected by actuating switches on the control console that opened 
and closed The required solenoid valves in the load bank. Power setting changes 
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were almost instantaneous due to the fast action of the solenoid valves. Shutdown 
was completely automatic when the start switch was closed. The controller closed 
the O 2 shutoff valve and monitored the H 2 control valve to apply a 15-sec GH 2 
purge at a 50-psi9 turbine inlet pressure. The purge time was reduced to 1 or 
2 sec when cryogenic propellants were used to prevent therma I -shock i ng the unit. 
The pretest checklist was used as 3 guide for the post-test procedures. 

When hot hydraulic oil was required, the oil was preheated before testing 
to minimize the time required for heating the oil with the pumps during the run. 
The pump inlet temperature was manually controlled by varying the facility oil 
cooler water flow. 

The steam ejector was manually controlled. Generally, the ejector was 
operated only while the APU was running. This prevented condensed steam in 
the exhaust system from entering the pressure taps. 


At the start of the test program, special checkout procedures were used 
pefore attempting the first run. The unit was driven at a reduced speed 
using ambient temperature GN 2 to verify proper function ing of the instrumen- 
tation. Emphasis was placed on the turbine speed pickups and other control 
instrumentation. For the first hot start,- the speed was limited to 20 000 rpm 
by an adjustment on the control ler provided for this purpose. Turbine inlet 
temperature and speed were gradually increased from test to test until design 
conditions (TIT = 1960 R, rpm - 63 000) were reached. There was 3 delay in 
the TIT rate to eliminate temperature spikes during lightoff. 

Summary of conducted tests: The APU-T system tests, conducted from 

9 September 1974 through 7 February 1975, accumulated 597 min total run time 
and 145 hot starts during the 5 months of testing. 

The test conditions included the following: (1) operation with hot and 

ambient hydraulic fluid, (2) local and simulated altitude operation using 
the system ejector system, (3) operation with H2 cooled to LN 2 and LH 2 tem- 
peratures, and (4) operation at progress i ve I y higher power levels approaching 
the design maximum of 400 hp. A chronology of the testing is summarized in 
table 9, which lists test conditions, the date of the test, and pertinent 
remarks. 

The tests covered power ranges from 40 to 380 hp at both sea level and 
space simulation. The range of hydrogen temperatures to the test unit was 
from ambient to cryogenic (LH 2 temperature). Tests were conducted with both 
amb lent and hot oil. 

Test results . 

Transient data: Performance during transient operation was predicted 

in ref. 1 as an aid to develop the control system. The turbine speed was 
to be controlled to 63 000 rpm and turbine inlet temperature (TIT) was to be 
controlled to 1960 R. Excellent control of these parameters was obtained 
as shown in figs. 35 through 41, which are oscillograph traces during various 
load changes. The main modification to the control concept was a delay in the 
TIT rate to eliminate temperature spikes during lightoff. 
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Figure 36 . — Run 117» Startup to ^0 shp. 
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Figure 37* — 117, ^0 to 100 shp. 




















Figure 38, --Run 117 j ^^0 shp. 
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Figure 39. — Run 11 7, 200 to 300 shp 













rpm a 600 rpm 



75 


Figure 40.— Run 78-80, 200 to 40 shp.. 



Figure 41. --Run 117f 300 shp to Shutdown 

















The transient performance for the APU-T tests was recorded on an 
oscillograph to determine the response and control characteristics during 
startup, shutdown, and load changes. The data in figs. 35 through 41 was 
representative of the many tests conducted. 

Figure 35 shows an automatic start with zero applied load. The turbine 
design speed of 63 000 rpm was reached approximately 1.25 sec after lightoff. 
Full hydraulic pressure was available 0.25 sec from lightoff. Steady-state 
turbine inlet temperature was reached 5 sec after lightoff. 

Similar results were obtained during a startup to a power setting of 
40 shp (fig. 36). Turbine design speed was attained about 2.5 sec after 
lightoff. Steady-state turbine inlet temperature occurred 3 sec later; 
it was purposely delayed to avoid temperature spikes during lightoff as 
previously mentioned. 

A sequence from 40 to 300 shp in load steps of approximately 100 ho 
is shown in tigs. 37 through 39. During this entire sequence, including the 
load steps, turbine speed was controlled within 1 percent of the mean speed 
of 63 000 rpm. Except for the immediate changeover in horsepower levels 
there was a standard deviation of 64 rpm or about 0.1 percent of the mean, 
and TIT was control led to a mean of 1947 R with a standard deviation of 3 R. 

At the exact time when horsepower changed, TIT varied by about ;^40 R. 

This excellent control of turbine speed and TIT was clearly demonstrated 
at the higher horsepower levels, as shown in fig. 39. At high power levels, 
the propellant valves were unchoked and thus, to obtain the same percent changes 
in propellant flow as at low power levels, they had to move farther. Thus, at 
300 shp, the fluctuations were larger than at 200. These larger valve movements 
were indicated by the values SD35 and SD34, indicating hydrogen and oxygen valve 
position, respect i ve I y . 

Figure 40 shows approximately a 160-hp stepdown from 200 to 40 hp. As 
with the power step increases, power level was changed without exceeding 
allowable turbine inlet temperatures or turbine speed. 

During shutdown, fig. 41, there was smooth decay in both turbine speed 
and TIT. No spikes or overspeed conditions occurred. 

The combustor chamber pressures (SP62) were fairly steady at any part i cu I ar 
power setting, as shown by the transient data oscillograph output. At high 
power levels, near 300 shp for example, the variation In chamber pressure was 
about ^1-1/2 percent from the operating pressure, or about +4 psia. 

The performance of the propellant conditioning system shown in fig. 42 
is for a typical test run (run 170) conducted with gaseous hydrogen cooled 
down to LH2 temperature. The data is shown from startup through power levels 
of 58, 96, 202, and 295 hp. Inlet hydrogen to the system was rapidly cooled 
down and reached fairly steady values in about 1 min. The control of hydrogen 
temperatures out of the equalizer and the regenerator was excellent. The 
hydrogen inlet temperature to the combustor was to be controlled to 750 R, 
and at the higher power levels it was controlled within 15 R. Both hydrogen 
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streams out of the regenerator were to be approximately equal with the hydrogen 
inlet temperature to the hydraulic oil cooler, which was controlled to 460 R. 
Over the entire power range, the hydrogen inlet temperature (ST35) 
was about 10° higher. Thus, the propellant conditioning system objectives 
were accomplished, with excellent control of hydrogen temperature. 

Steady-state data. — Data from the entire test series were examined and 
the test events listed in tabie 10 were selected as the rrost stable points 
for steady-state analysis. The data correlations obtained from these events 
are presented later in this section. 

4 computer program was written to aid in data reduction and analysis. 

This program presented test data in both engineering units and a format 
identical to that used in SSAPU performance predictions (ref. 2). An 
example of the computer output for run 180, event 631, conducted at 305 hp, 
is shown in table 11. For the first part, the data in engineering units 
has pressures in psig, temperature in degrees Rankine, and flow in gpm. 

The symbols are defined in table 8. The definitions for the calculated 
values are included in Appendix B. The other parts of the format give 
overall and component performance in a form that can be compared easily 
with predictions. The key station pressures and temperatures also are 
tabulated. In these parts, pressure is in psia. 

Combustor: In the APU-T system tests, combustor inlet temperatures were 

controlled to 750 R and turbine inlet temperature was controlled to a nominal 
setting of 1960 R. Thus the combustor propellant flows essentially were fixed 
at a nominal oxidizer to fuel ratio of 0.65. During actual operation, the 0/r 
ratio varied from 0.60 to 0.67 because of changes in test conditions. 

Ignition of the hydrogen-oxygen propellants was obtained using a spark 
plug in which oxygen gas was fed into the annulus between the electrode 
insulator and the spark plug body. During combustor operation after light- 
off, the spark plug was cooled with gaseous hydrogen. 

For steady-state operation, the combustor characteristic velocity C* 
was determined for the range of combustor chamber pressures experienced 
during the system tests. This data, with the C* efficiency calculations, 
is presented in fig. 43. The characteristic velocity varied from 8000 to 
9000 ft/sec and C* efficiencies were nominally 108 percent. Chamber pressure 
did not have an appreciable effect on combustor performance. This result 
was consistent with test results of the prototype combustor. 

A significant problem experienced in the test program was spark plug 
burnout. Design modifications and changes to the test procedure resulted 
in no plug failure occurrences for the majority of APU-T system tests. 

Near the end of the test program, however, the spark plug tips began to 
melt, but insufficient time remained in the test program for a detailed 
investigation or corrective action. A discussion of the spark plug burnout 
problem can be found in the section titled. Analysis of Test Results, and 
it includes possible solutions that could not be checked out experimentally. 


79 


TABLE 10 


TEST EVENTS SELECTED FOR STEADY-STATE ANALYSIS 


Run 

No. 

Event 

Hydrau 1 ic 
flow, gpm 

Pump shaft 
power, hp 

H 2 temp, 
R 

Hydrau lie oil 
temp, R 

p 

amD lent, 
ps ia 

90 

131 

7.97 

47 

286 

579 

13.4 


133 

48.94 

140 

272 

580 

13.4 


138 

66.99 

183 

224 

584 

13.4 


143 

126.65 

320 

198 

592 

13.4 

1 17 

230 

34.82 

107 

542 

580 

] 3 4 


235 

71 .02 

193 

539 

588 

13.4 


241 

129.52 

327 

537 

605 

13.4 

1 1 S 

251 

29. 17 

94 

545 

585 

0 


255 

67.17 

183 

542 

588 

0 


260 

129.67 

328 

539 

605 

0 

120 

270 

10.43 

52 

498 

687 

13.4 


276 

41 .62 

123 

375 

705 

13.4 

122 

308 

129.37 

327 

213 

703 

13.4 

131 

315 

8,72 

49 

463 

679 

0 

136 

366 

6.39 

44 

417 

688 

0 

144 

374 

10.43 

52 

414 

694 

0 


378 

29.72 

95 

318 

’ 715 

0 


385 

71 ,67 

194 

' 224 

738 

0 


394 

130.37 

330 

196 

744 

0 

145 

400 

22.47 

78 

421 

695 

0 


406 

29.42 

94 

315 

722 

0 


412 

70.52 

191 

218 


0 

147 

420 

13.62 

59 

353 

689 

0 


424 

88.92 

228 

223 

732 

0 


432 

31.62 

99 

227 

773 

0 

148 

442 

29.52 

94 

287 

665 

13.4 

149 

449 

13.08 

58 

385 

588 

0 

151 

464 

76.22 

205 

207 

722 

0 


467 

139.07 

351 

177 

740 

0 


469 

28.32 

92 

205 

750 

0 


474 

13.92 

59 

223 

770 

0 





TABLE 10. — Continued 


TEST EVENTS SELECTED FOR STEADY-STATE ANALYSIS 


Run 

No. 

Event 

Hydrau 1 i c 
flow, gpm 

Pump shaft, 
power, hp 

H 2 temp, 
R 

Hydrau lie oil 
temp, R 

p 

amb I ent 
ps i a 

15A 

501 

13.08 

58 

51 

- 

0 


510 

29.47 

94 

49 

- 

0 

160 

525 

13.07 

58 

60 

- 

0 


529 

30.22 

96 

53 

- 

0 


554 

74.92 

202 

50 


0 

151 

541 

13.12 

58 

65 

- 

0 

163 

548 

15.03 

58 

56 

- 

0 

170 

573 

117.92 

299 

52 

- 

0 


579 

117.72 

299 

52 

- 

13.4 


585 

74.82 

202 

46 

- 

13.4 


593 

29.72 

95 

50 

- 

13.4 


597 

13.33 

58 

48 

- 

13.4 

180 

631 

120.17 

305 

53 

743 

13.4 

137 

688 

31.72 

98 

56 

574 

13.4 


692 

11.39 

52 

58 

590 

13.4 


695 

31.47 

98 

50 

■ 578 

13.4 


698 

11.38 

52 

53 

593 

-13.4 


705 

74.22 

1 

197 

46 

584 

[ 

13.4 
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EXHAUST duct PT PS MACH 

inlet 0*000 0.000 0.000 

EXIT 13.410 0.000 0.000 




Combustor chamber pressure, ps i a 


S-9^ 7i 

Figure 43. — Combustor Characteristic Velocity During System Tests. 

Turbine; Overall turbine efficiency for the design characteristics of 
table 6 was predicted. In figs. 44 and 45, overall efficiency predictions 
were plotted as a function of: (1) overall pressure ratio for fixed turbine 
speed at several back pressures, and (2) shaft power for fixed turbine speed 
at several back pressures. Turbine performance as illustrated by these figures 
was used to predict overall reference system performance as presented in ref. 2. 
For example, at sea level, 400-hp power requirements, predicted turbine efficiency 
was 54 percent at an overal 1 pressure ratio of 22. For space operation at the 
same power requirement, the predicted turbine efficiency was 51 percent at an 
overall pressure ratio of 57. 

For the APU-T system tests the calculation procedures for the turbine 
efficiency are presented in Appendix B. Different methods were used to 
calculate turbine performance from: (1) the AT across the turbine, (2) the 

measured shaft horsepower and, (3) calculated shaft horsepower from heat 
rejection. Turbine efficiency calculated from these three methods, respec- 
tively, was in the engineering data reduction (Appendix C) calculations 117, 

113, and 119. Gearbox losses were calculated from heat rejection to the lube 
oil. 

AM of these calculations were not exact because of measurement errors 
and the difficulty to assess component performance from system tests. In the 
heat rejection method (119), for example, calculated efficiency increased with 
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Figure 45. — Turbine Efficiency vs 
Developed Power. 

run time at any particular power level. This was a result of measured 
temperature starting to stabilize. The AT method had large errors at low 
power levels because of nitrogen buffer gas leakage into the turbine exhaust 
torus. Temperature measurements in the torus were lowered and, therefore, 
the measured AT across the turbine was too high and resulted in a high 
calculated turbine efficiency. At high power levels, the propellant flow 
was significantly higher, red-ucing this cooling effect. 

Taking the calculations at 300 gearbox shaft horsepower as representat i ve 
of turbine performance from run 117, reading 241, and run 170, reading 579, an 
efficiency range of 47 to 48 percent was calculated by the AT method, a range 
of 44 to 45 percent was calculated from measured shaft horsepower, and a range 
of 33 to 40 percent was calculated from the heat rejection method. ^ Because 
the calculation from heat rejection was dependent on stabilization time, it was 
the least accurate of the three methods. 

Gearbox loss calculated by heat rejection to the lube oil was 5 to 6 hp, 
which is compatible with the 44 to 45 percent turbine efficiency calculated 
from measured shaftpower , but does not compare favorably with the 28 hp gearbox 
losses measured during gearbox dynamometer tests. On the other hand, gearbox 
losses back-calculated based upon AT-ca leu lated turbine efficiency of 47 to 43 
percent correlate more closely with the dynamometer tests; that is 18 to 25 hp 
compared to 28 hp. Accordingly, the range of 44 to 48 percent efficiency as 
calculated from measured shaft power and AT was used for the APU-T turbine 
efficiency. This range of efficiencies wasplotted versus overall turbine 
pressure ratio for the available steady-state points at different turbine 
back pressures in fig. 46. The turbine efficiency was about 4 to 8 points 
lower than predicted over the range of pressure ratios tested. The lower per- 
formance was traced to first-stage turbine seal leakage. 


Figure 44. — Turbine Efficiency vs 
Pressure Rat i o. 
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Overall pressure ratio 












Heat exchangers: APU tests were run with ambient temperature oxygen 

(except for a few runs) and with hydrogen temperature varied from ambient 
temperature to 50 R. In terms of heat exchanger performance, the most interest- 
ing tests were those run at liquid hydrogen temoeratures near 50 R, because in 
these cases the heat exchangers had to work the hardest. Tests made at LH 2 
temperatures were from run 154 to run 192. 

The time for the system temperature to stabilize was fairly long, as 
shown in fig. 47. At high power levels of 200 and 300 hp, heat exchanger 
temper at ures stabilized in about 140 sec. This was determined ^ r om h y d r a u I i c 
oil temperatures at both the inlet and outlet of the hydraulic oil cooler for 
test runs where the power level was reached rapidly on APU ignition. Nbst tests 
that were conducted at low power levels immediately after APU ignition did not 
have sufficient run time for temperatures to stabilize. The excep-t-ion was run 
154, where the APU was run at approximately 55 hp for about 9 min. In this run, 
the inlet temperature measurement to the hydraulic oil cooler was incorrect, 
so only outlet temperatures were available. The data was not smooth; oscilla- 
tions occurred about 3 min into the run. With the exception of the data a^ 

425 sec into the run, it appears that at a low power level of 55 hp, temperatures 
stabilized in 4 to 5 min or about twice as long as the higher power levels. 
Therefore, care was exercised in selecting steady-state data to obtain heat 
exchanger performance to ensure that system temperatures had stabilized. 

The steady-state data shown in figs. 48 through 55 were for tests conducted 
at both ambient back pressure and space simulation for power levels from 58 to 
300 hp. Hydrogen temperatures were not directly measured for several heat 
exchanger locations as indicated by the star symbol in these figures. For our- 
poses of heat transfer calculations, the temperature assumed at these locations 
was that measured immediately upstream or downstream in series with the flow. 

The temperature distributions were fairly similar at both ambient back pressure 
and space simulation for any particular power level. The heat transfer 
increased from space simulation to ambient back pressure because of increased 
propel I ant flow. 

The equalizer performance was below predicted performance with oxygen 
temperatures into the combustor about 50 to 60 R lower than hydrogen. The temp- 
erature across the equa I i zer showed a rise both on the oxygen and hydrogen sides, 
which is an impossibility. To raise the oxygen temperature about 170 R for the 
tests would require only an 11 R decrease in hydrogen temperature because of 
the difference in Cp's of the gases. This is probably within the band of the 
hydrogen temperatures measured. Thus, only oxygen measurements were used for 
the equal i zer heat transfer. 

For a better understanding of the performance of the heat exchangers, the 
heat transfer as Btu/min was plotted in figs. 56 and 57 at the various horse- 
power settings of run 170, which was conducted at ambient back pressure and with 
ambient hydraulic oil. For ease of presentation, only cold side values were 
used in the plots. Run 170 was used because the entire power level was traversed 
in this test and possible variations from run to run in data thus were elimi- 
nated. The data was compared with computer predictions (ref. 2) for hot 
hydraulic oil, therefore the heat transfer, particularly in the hydraulic oil 
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Figure 47 . — Required Stabilization Time. 
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Figure 54 .-Schemat ic of H 2 -O 2 APU Showing Temperature Distribution 
(Event 585 ) • 
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cooler, was expected to be different. However, in general, the heat exchanger 
performance was in good agreement, with values in the preheater and regenerator 
heat transfer almost identical to predictions. In tne recuperator, the heat 
transferred was about 35 percent more at the low power of 58 hp and 20 percent 
more at 300 hp. The lube oi T cooler transferred about one-half predicted value 
or about 500 Btu/min independent of the power level as expected. The hydraulic 
oil cooler had about 25 percent less heat transferred than the original computer 
predictions to a maximum of 1800 Btu/min at 300 hp. 

To obtain comparisons with hot hydraulic oil operation, data at 300 hp and 
about 200 hp were used. Major differences with ambient hydraulic oil operation 
occurred mainly in the hydraul ic oil cooler and lube oi I cooler, with minor 
variations in the preheater, regenerator, and recuperator performance as shown 
in figs. 58 and 59. With hot hydraulic oil., the lube oil cooler transferred 
about 300 Btu/min or 60 percent of what it did with ambient hydraulic oil. On 
the other hand, the hydraulic oil cooler transferred about twice as much heat 
than with ambient hydraulic oil operation to a maximum of 3700 Btu/min at 300 hp. 

As stated above, the equalizer performance was below predicted. The 
equalizer was unable to raise the oxygen temperature within 25 R of the hydrogen 
temperature as desired. Instead, oxygen gas stabilized about 50 to 60 R lower 
than the hydrogen temperature of 750 R. 

It was previously mentioned that for the plots of figs. 56 through 59, 
cold side temperatures were used for ease of presentation. The hot side values 
also were calculated and compared favorably with cold side values as shown in 
table 12 for the 300-hp setting in run 180, as an example. The total heat 
transferred with hot hydraulic oil at approximately 300 hp was 29 500 Btu/min 
as calculated from the cold side and 30 300 Btu/min as calculated from the hot 
side, or less than 3-percent variation. For comparison, the predicted total heat 
transfer at 315 hp (case 59, ref. 2) was 25 600 Btu/min. For fair comparisons of 
test data with computer predictions, variations in inlet H 2 and O 2 temperatures 
and flows and bypass flows in the preheater and recuperator would have to be 
accounted for. Thus, in the discussion entitled: Test Data Compar i son with 

Analysis, test data were simulated in the H 2 -O 2 APU system analysis computer 
program. 

Overall performance: In the APU-T system tests, steady-state data was 

obtained from power ranges of approximately 45 to 350 hp both at sea level and 
space simulation operation. Correlations of propellant flow (H 2 and O 2 ) versus 
hydraulic flow rate were made in figs. 60 and 61 and compared with predictions 
for all of the steady-state data available from the entire test series. Data 
with both steam ejectors off and on was presented in figs. 60 and 61, respect- 
ively. The data was run at a range of H 2 temperatures from ambient to cryogenic. 
Propellant flow was fairly linear as predicted, but higher. Considering the 
many test points used in the plot at var ious operat i ng H 2 temperatures, the 
data correlation was excellent. In figs. 62 and 63, combustor chamber pressure 
also was plotted versus hydraulic flow tor the two altitude simulations. That 
data also was fairly linear as predicted, with chamber pressures running slightly 
higher than expected. 


95 




Figure 58. — H2*02 APU Heat Exchanger Data. 
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Figure 59, — H 2 -O 2 APU Heat Exchanger Data 


TABLE 12 


COLD SIDE AND HOT SIDE HEAT TRANSFER 
RUN 180, EVENT 631, HP = 305 



Flow, 

1 b/mi n 

T. R 

in. 

T . R 
out. 

A(0 Btu/mi n 

Preheater -CO la side 

7.537, H2 

53 

364 

7971 

hot side 

3.676, H2 

1084 

366 

9100 

Regenerator-co Id side 

7.537, H2 

364 

469 

2653 

hot side 

7.537, H^ 

615 

496 

3016 

Hydr au 1 i c-col d side 

7.537, H2 

469 

615 

3713 

Oi 1 coo 1 er hot s i de 

89.48 (oil) 

743 

668 

4361 

Lube oi 1 -cold s i de 

7.537, H2 

496 

507 

281 

Cooler hot side 

12.095 (oil) 

550 

526 

1 25 

Recuperator-col d s i de 

5.750, H2 

507 

1263 

15102 

hot side 

12.492 
( combusted 
H2”02) 

1427 

909 

13900 

Equa 1 i zer-col d side 

7.537, H2 

733 

749 

— 

hot side 

4.891, 02 

518 

688 

-200 
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Figure 62.— H 2 -O 2 AFU Chamber Pressure at Ambient Back Pressure 



Figure 63.— H 2 -O 2 APU Chamber Pressure at Space Simulation 







• performance before and after repair, as shown 

in figs 60 and 62, indicates that performance anomalies incident to pump damaae 
were confined to the run in which the damage was detected. Because T!he ^ 

scatter shown in the curves of figs. 60 through 63 

t^n^! Th P®'::^°^'"3;;« extrapolated, both to lower and higher power leCels 

than tested, with a high degree of confidence. For the overall APU performance 
in terms of specific propellant consumption shown in figs. 64 and 65 test data 

a iow power setting of 30 hp and to'a high power seeing' ' 

of 400 hp. The specific propellant consumption was higher than predicted 
altitude simulations. This would be expected from the previous 
®t ions of propellant flow and chamber pressure. Both at sea level and 
space simulation, the APU appeared to be operating about 10 percent higher 
than predicted in specific propellant consumption at the high horsepower 

rlpnt '®''®'S' +^^ere was more data Latter, but agree- 

ment with predictions at ambient back pressure in particular (fin. 64) was 
exce 1 lent . r ^ , wa:3 


The close agreement between predictions made prior to APU-T system tests 
-n ref 2 with different operating flow rates and temperatures, ad APU syslL 
tests demonstrated the validity of the predictive techniques employed. 

back iTe level reached in the tests was about 45 hp. To throttle 

hf Lr + to a lower idle power level, the electronic stops would have to 

be set at their minimum level. Then propellant flows would be reduced until 
changes in turbine inlet temperature or turbine speed were observed. 

The APU-T back pressures for typical test runs at both 13.4 psia ambient 
pressure and space simulation are shown in fig. 66. Test results compLed 
favorably with predictions. It is particularly interesting to note that in 
the space simulation case the two steam ejectors were fully opened and no 
changes in valve areas were made during a run. Thus, predicted back pressures 
were attained without ejector flow manipulation. 
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ANALYSIS OF TEST RESULTS 


Combustor 

As evidenced from results of component and APU-T system tests, the 
hyorogen-oxygen combustor provided efficient and stable combustion over a wide 
range of chamber pressures. Combustor operation, at the fixed ox idizer-to-f uet 
ratio in the system tests, was essentially independent of chamber pressure. 

For the majority of tests, no problems with combustor ignition were experienced. 

In some of the early system testing, problems were encountered with spark plug 
fouling that prevented I ightoff or, in some cases, caused a hard lightoff. 

This problem was corrected by inspection and replacement of spark plugs when 
they appeared to be fouled. The spark plugs used were automotive-type and 
were used in the interest of cost reduction. The main problem that did occur 
in the APU-T tests was melting of the spark plug tip. 

In the prototype combustor tests and the control subsystem tests, no 
problem occurred with the spark plugs, in the APU-T system tests with the turbine 
installed, a spark plug tip was melted- in the initial tests. Melting was caused 
by a leak that appeared to develop at the spark plug seal. The combustor was 
repaired and modified to better position the seal concentric with the plug 
axis. However, the melting reoccurred. Analysis of the hardware and test data 
indicated that the cause of the burnout was not the same as the one previously 
experienced because the spark plug seal was virtually intact. It was concluded 
that the spark plug was breathing the hot products of combustion of oxygen and 
hydrogen from the combustor which mixed with the oxygen in the plug and burned. 

The electrode end of the plug then became hot enough to initiate an oxygen fire. 

To prevent a reoccurrence, the combustor was modified from its original design. 

A separate line was used to feed propellant to the spark plug rather than 
directly from the combustor oxygen manifold. Additionally, two valves were 
used to sequence gaseous oxygen or hydrogen to the spark plugs. Gaseous oxygen 
was injected during lightoff and then gaseous hydrogen was injected through 
the spark plug during steady-state operation. This was done to provide cooling 
and prevent combustible mixtures within the plug. A nitrogen purge was injected 
between oxygen and hydrogen flows. 

The above changes were satisfactory for the majority of APU-T system 
tests conducted after the modifications were made. Near the end of the system 
test program, however, the spark plug tips began to melt, as shown in fig. 67 . 

The spark plug gas supply valves were checked for leaks or improper sequencing 
and found to be in satisfactory condition. Several checkout runs were made 
to ensure proper gas supply to the plugs. Plug tip melting still reoccurred. 

After testing had been terminated, the combustor was disassembled for 
inspection. Inspection showed melted areas on the spark plug boss. Also, it 
was observed that the oxygen injectors were not concentric with the hydrogen 
injectors as in the original assembly. The oxygen injectors were distorted 
and discolored by heating. 
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The case to liner gap indicated in fig. 68 as H 2 exit gap, also had 
increased about 50 percent because of distortion of the combustor case. This 
causes the primary zone temperature to increase and subjects the spark plug to 
a higher temperature environment. The rationale for this is as follows: 

cn The hydrogen delivered to the combustor bypasses the primary zone 
through the cooling jacket (40 percent of total hydrogen flow). 

(2) The total combustor hydrogen flow is composed of the sum of the 
primary and bypass flows. The total flow is fixed by the power 
demand and the turbine inlet temperature. 

(5) Therefore, an increase in the bypass, flow causes a decrease in flow 
in the primary zone. This results in a change in 0/F ratio that 
gives a higher primary zone temperature. 

(4) The increase in the case to liner gap, found during inspection of 
the combustor, causes an increase in the bypass flow because the 
gap area controls flow. 

The design primary zone average temperature is 2660 R, which is about 
500 degrees below the melting point of the plug. If the primary zone flow were 
reduced by about 30 percent, the average gas temperature would exceed the 
melting temperature of the plug. Local temperature could exceed the average. 
Therefore, it is concluded that the distortion of the case and associated 50- 
percent increase in flow area can explain the plug melting problem and the 
distortion of the injectors. 

The spark plug melting problem is summarized as follows: 

(1) No spark plug problems occurred during combustor development or 
subsystem testing. 

(2) When the turbine was added for the system tests, plug melting 
problems were first encountered. 

(3) The problem was caused by an oxygen fire within the plug. The fire 
was fed by hydrogen breathing into the plug because of pressure 
fluctuations in the combustor. These fluctuations were created by 
the control valve modulation required to hold a constant turbine 
speed . 

(4) The problem was solved by eliminating the oxygen supplied to the 
plug during steady-state operation. Oxygen was used for startup 
only. 

(5) Spark plug tip melting reoccurred near the end of the program after 
about 9 hr operation. 

(6) Inspection of the combustor revealed that the injectors and the area 
surrounding the spark plug had been exposed to high temperature. 
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Hydrogen 



Figure 68. — Proposed Final Combustor Design. 







(7) Distortion of the combustor case caused a reduction in hydrogen flow 
through the primary zone of the combustor. This increased gas 
temperature around the injectors and plug tip. 

The test program was terminated before an attempt could be made to demon- 
strate the solution of the plug problem. The following two modifications are 
required; 

(1) The combustor case should be reinforced in the region of the cooling 
jacket exit, as shown in tig. 68. This will prevent the jacket exit 
area from changing because of case distortion. The required primary 
zone hydrogen flow can be properly metered then to prevent high 
temperatures. Also, the liner exit lip should be fluted to maintain 
concentricity between the liner and the case. The modifications are 
defined in fig. 68. The existing copper lip was fluted when the 
combustor was disassembled for repair at the start of the system tests. 
This was done by coining the existing lip to form the flutes. However, 
some of the flutes were worn away because of vibration and relative 
movement between the lip and case. Therefore, the lip should be 
fabricated from steel to minimize wear. 

(2) Oxygen should be suppi ied to the spark plug continuously during 
startup and steady-state operation. This will eliminate the need 
for the sequencing valves to supply the nitrogen purge and hydrogen 
to the plug. The supply pressure to the plug and the injectors 
should be increased to prevent ingestion of the combustion gas 
during pressure fluctuations. The areas of the injectors and the 
spark plug exit must be decreased to obtain a higher supply pressure. 
Also, the spark plug metering orifice should be removed to provide a 
high pressure in the plug. 

The injector dimension modifications to double the injector velocity head 
follow. These are recommended for the next build. Also listed are the flow 
conditions consistent with the combustor design summary of page 6-3 in the 
APU Design Report (ref. 1). 

Injector dimensions 
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02 Injector 



Tota 1 
area 
i n 

Velocity 
head, 
ps i d 

Injector 

velocity, 

ft/sec 

D1, 

in. 


Existing 

0.0169 

24 

335 

0.052 


Recommended 

0.012 

48 

456 

0.043 


H2 in. lector 

Tota 1 
area, 

i n .2 

Ve loc i ty 
head, 
ps i d 

Injector 

velocity, 

ft/sec 

D2, 
in . 

D3, 
i n . 

Exist) ng 

0.057 

26.6 

1380 

0.125 

0.157 

Recommended 

0.040 

53.2 

1905 

0.125 

0.148 


The existing spark plug gap is 0.051-in. with a 0.10-in. dia electrode 

control orifice removed and full O 2 manifold pressure 
in the plug is prohibitively small (0.0038-in). Therefore, the electrode 
diameter should be reduced to increase this small gap width. The followinq 
table compares the existing and recommended spark plug jet characteristics 


Spark plug jet character ist ics 


D2 




Area, 

Flow, 


in . 

1 b/sec 

Ex i St i ng 

0.0083 

0.008 

Recommended 

0.00157 

0.010 


Jet 


veloc ity. 

Gap, 

Dl, 

02, 

ft/sec 

i n . 

in. 

i n . 

71 

0.15 

0.130 

0.10 

335 

0.010 

0.060 

0.040 



Turbi ne 


The APU-T calculated turbine efficiency was about 4 to 8 points lower 
than the predicted value of 52 to 53 percent over the range of pressure ratios 
tested. In the first hot runs of the APU-T, it was determined that the knife- 
edge labyrinth shaft seal in front of the first-stage rotor was leaking gas. 
Although measurements were not taken to establish the amount of leaked gas, it 
appeared to be excessive. Calculations based on measurements after the test 
runs gave between 2.2 to 4.3 percent leakage of the total turbi ne flow. The 
design value was below 1 percent. The port that vents this leakage to the 
recuperator outlet was capped. By inference, the identical labyrinth seal 
between the first and second stages was also leaking. 

There are multiple effects on turbine performance because of increased 
leakage: 

(1) The leaking gas does not go through the wheels, therefore its work 
i s tot a My I ost . 

(2) The leakage decreases the flow through the second-stage nozzle, and 
thus changes the pressure distribution and work outputs of the stages, 
reducing overall efficiency. 

(3) The leakage flow increases the flow deviation angle of the nozzle 
jets, which increases the incidence loss. 

As an order of magnitude, 1-percent flow leakage would have caused a loss 
of 1 percent in turbine efficiency. Based on calculated leakage, the lower 
turbine performance, therefore, was primarily a cause of seal leakage and this 
contributed to the higher specific propellant consumptions than predicted. 

To decrease flow leakage and thus improve turbine performance, the use of 
smaller cells in the honeycomb is recommended. 


Heat Exchangers 

The APU-T system heat exchangers performed as predicted with the exception 
of the equalizer. The equalizer had been performance-tested in component tests 
(Appendix A) and found to be deficient in meeting design requirements. The 
departure from design requirements on the oxygen side was attributed to an 
inadequate braze joint of the buffer fins to the surface of the P'fe. This 
created increased buffer zone resistance and caused the oxygen _ 

ature of the equalizer to be about 50 R lower than, the hydrogen outlet of 750 R 


In general, test data agreed with predictions over the entire horsepower 
range, even though test and predicted inputs varied. Simulations of test con- 
ditions were made and are reported in greater detail in a later discussion. Test 
Data Comparison with Analysis. A comparison at a power level of 305 hp is shown 
in table 13. The agreement of the computer simulation with data obtained on 
both the hot and cold sides of the heat exchnagers was excellent. 
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TABLE 13 


COMPUTER SIMULATION OF RUN 180, EVENT 631, HP = 305 


Heat exchanger 

AQ Btu/m i n 


Computer 

simulation 

Test 

data 

S i de 

Preheater 

7917 

7971 

Cold side 



9100 

Hot s i de 

1 

Regenerator 

2678 

2653 

Cold side 



3016 

Hot s i de 

Hydrau lie oil coo 1 er 

3362 

3713 

Cold side 1 

1 


4361 

Hot s i de 

1 Lube 0 \ 1 coo 1 er 

401 

281 

Cold side 

j 


125 

Hot s i de 

! Recuperator 

13 404 

15 102 

Cold side 



13 900 

Hot s i de 

Equal izer 

-244 

— 

Cold side 



-200 

Hot s i de 


The cooling capabilities of the hydrual ic oil cooler and lube oil cooler 
also were examined. The APU system specifications for the hydraulic system 
were a heat sink capability of 5000 Btu/min at 400 hp. Testing with hot 
hydraulic oil operation was only conducted to the power level of 300 hp with 
hydrogen cooled to LH 2 temperatures. In fig, 58, the hydraulic oil cooler and 
lube oil cooler transferred about 4000 Btu/min at 305 hp. Extrapolating this 

indicate a heat sink capability for the hydraulic system 

of 4700 Btu/min. 


System Analysis 

The APU-T system was analyzed using a digital computer simulator. The 
simulation was capable of calculating either steady-state or transient solutions 
to the system and sizing and evaluating component performance for the comolete 
system operating range. 


The APU-T control design shown schematically In fig. 69 was mechanized in 
the simulator to verify stability and predict transient performance. The simu- 
a ion has the capability of calculating the pressures and temperatures at each 
Of the engine stations shown in the figure. 












A detailed writeup of the computer simulator was given in ref, 1. The 
following IS a brief description of the computer program and its main functions. 

The simulator is constructed by the use of a main subroutine that reads 
the control data cards. The data cards are of two types: (1) data to be used 

during a solution, and (2) solution types (bypass, no-bypass, design point, 
off-design). The mode for data (to be used during a solution) is used to 
define boundary conditions or to scale particular components within the system. 
Solution-type data are used to select the dependent relationships to be 
satisfied and the independent parameters to be manipulated to satisfy the 
dependent conditions. 

The steady-state solutions are obtained by the use of the boundary 
specified by various data cards and the required conditions for the particular 
solution desired. The main subroutine then dimensions the matrix required for 
the solution and establishes the particular independent variables and dependent 
relations to be used during the solution. The next step is to call a sub- 
routine solves a set of algebraic equations using a modified Newtonian 

technique (NEWTON). This, in turn, calls an external subroutine, whic^ir 
specified in Its argument list to determine the algebraic relationships between 
the various independent and dependent variables. The dependent relations are 

written in a form that allows NEWTON to drive the dependent vector to the 
origin. 

The two primary uses for steady-state solutions were: (1) initial desian 

performance of the system, and (2) to set the initial conditions for a transient 
solution. The transient options of the APU simulator were developed for the 
controls analysis work. The options were used to identify the control transfer 
functions of the APU. The control verification and the dynamic performance 
parametric studies were used to establish the sufficiency of the various control 
systems and to study the effects of various components on the APU performance. 

The valving (six valves) of the APU-T system was constrained in such a 
way that there were only four independent forcing variables in the system. The 
pre ea er bypass valve and the preheater series valve were programmed as com- 
plementary; that IS, the area of the preheater bypass plus the area of the pre- 
heater series valve was a constant at 0.477 sq in. The same arrangement was used 
tor the senes and bypass valves relating to the recuperator. 

^our independent engine variables were: (1) oxygen flow control, 
hydrogen flow control valve, (3) preheater bypass valve, and (4) recuperator 
bypass valve, as shown in fig. 69. The four independent variables allowed con- 
trot of four engine relationships. The four parameters selected were turbine 
speed, turbine inlet temperature, the temperature of the hydrogen as it enters 
the hydraulic oil cooler, and the temperature of the hydrogen as it enters the 
combustor. 

The simulator was used to predict the steady-state performance of the 
system and to provide data to size the valves and heat exchangers. The cases 

were run and specific propellant consumption as a function of power level was 
pr©uici 0 Q (r©T • 2). 



The system simulator provided data for scheduling Tj 2 (hydrogen temperature 
at the inlet to the hydraulic oil heat exchanger) as a function of the lube oil 
temperature. This schedule was necessary for two reasons: (V) the temperature 

of the hydrogen on both sides of the regenerator is about equal as it exists, 
because of the parallel flow design, and (2) at high altitude the hydrogen flow 
decreases because of the increased pressure ratio across the turbine. The total 
effect is to reduce the hydrogen cooling available to the lube oil. To improve 
cooling, the temperature is reduced from 460 to 400 R from the regenerator as 
the lube oil temperature rises from 650 to 700 R. This effect comes into 
operation only at a long-duration idle at high altitude. 

The final use of the steady-state operation of the simulator is to select 
an operating point that will be used for the starting point of a transient. 

The steady-state solution provides the initial conditions for the differential 
equations that describe the dynamic portion of the system. The valve positions 
that result in the steady-state solution provide data needed to initialize the 
differential equations in the control. 

The first use of the transient capability of the computer simulation was 
to identify the control transfer functions for the APL). The method used to 
identify the transfer functions was to start from steady-state and to step one 
of the control valves 5 percent, then plot data on the control parameters. 

Then a rate of steepest descent technique was used to adjust the parameters of 
a differential equation of the proper form to yield a minimum error. 

The control system design was based on the transfer functions that were 
derived. The control system was mechanized on the computer in the same form 
as the hardware was to be built. This enabled the system performance with 
the control system to be predicted. The primary information derived was the 
stability margin of the control system during large transient disturbances. 

The primary disturbance is a load change of the hydraulic system. 


Test Data Comparison With Analysis 

The APU-T system test heat exchanger performance and overall performance 
was compared with computer predictions in the previous sections. The APU-T 
predicted performance was taken from the computer runs tabulated in ref. 2 as 
computer cases 56B, 57B, 58B, 59, 60, 61B, 62B, 63B, 64, and 65. The first 
five cases were run at 0 psia ambient pressure, the last five, at 14.7 psia 
ambient pressure. The computer predictions compared favorably with test results. 

These computer cases were not an exact simulation of APU-T test conditions, 
although they were close. For instance, tests were made with ambient oxygen 
instead of cooling it to 300 R as run in the computer cases. Also, the equalizer 
outlet temperature was 750 R for both hydrogen and oxygen for the majority of 
computer cases, whereas in the APU-T tests, the oxygen outlet temperature was 
50 to 60 R lower at 690 to 700 R. Hydraulic oil and lube oil temperatures also 
were different in the APU-T tests as well as ambient pressure (0 psia simulation 
and 13.4 psia for sea level operation). Therefore, an attempt was made to 
simulate more closely the APU-T test conditions. 


An exact simulation of the APU-T tests would have required major 
trodif ications to the computer program to account for different component per- 
ormance than originally programmed. Simple modifications were made to the 
computer program so that all of the following test conditions could be input: 

(1) Hydraulic oil inlet temperature at the hydraulic oil cooler 

(2) Lube oil inlet temperature at the lube oil cooler 

(3) Hydrogen inlet temperature on the cold side at the hydraulic oil 
coo I er 

(4) Hydrogen and oxygen initial temperatures and pressures 

(5) Ambient pressure 

(6) Hydrogen inlet temperature to the combustor 

(7) Test power level 

Computer simulations were made primarily for temperature comparisons at 
each of the stations in the APU to determine how closely heat exchanger perform- 
ance was predicted. The test results from run 180, event 631, at a power level 
of 305 hp, was the first case simulated in table 14. Test temperatures and test 
heat transfer were also shown in this table for ease of comparison. The agree- 
ment with test results was excellent. Simulations also were made for the heat 
transfer data from runs 154, 160, and 170 previously shown. These computer runs 
are shown in tables 15 through 22. Unfortunately, the hydraulic oil inlet 
temperature to the hydraulic oil cooler was incorrect so this value had to be 
guessed in the simulations. Nevertheless, the overall agreement with test 
results was fairly good over the power range from 58 to 300 hp. The agreement 
was better at higher power levels as a result of more stabilized temperatures. 

The good agreement between test and computer-predicted temperatures at the 
various SSAPU stations showed that the heat exchanger performance could be 
closely simulated. These simulations indicate that overall heat exchanger 
performance for the complete system operating range could be predicted with a 
high degree of confidence by use of the computer program. 

To utilize the simulator for scaling the APU up or down in power, the 
components would have to be resized to meet system requirements. The sizing 
of the components would require that the nonlinear effects of the components 
be used, including major second-order component effects within the system. 
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SIMULATION OF RUN 180 EVENT 631 
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SIMULATION OF RUN 154 EVENT 501 
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CONCLUSIONS AND RECOMMENDATIONS 


Based on the results from 10 hours of system tests including 145 hot 
starts, the following conclusions can be drawn: 

(1) The hydrogen-oxygen APU design developed under this program would 
be capable of furnishing Shuttle hydraulic power and performing 
hydraulic system cooling in a satisfactory manner consistent with 
currently known Shuttle requirements. However, the power level 
would have to be scaled down. The computer simulator model will be 
useful in the construction of a scaled-down prototype APU. 

(2) The overall performance was near the computer simulator model 
predictions. Specific propellant consumption was 2.25 Ib/hp-hr at 

95 percent power and 4 Ib/hp-hr at 10 percent power with space-simulated 
turbine exhaust conditioning, and 5.2 Ib/hp-hr at 10 percent power 
and ambient turbine exhaust conditions. 

(3) System startup to full power can be accomplished in about 1 to 2 sec, 
and the controller can perform the entire start sequences automatic- 
ally. 

(4) The electronic controller maintained turbine speed within the 1 per- 
cent specified limit during steady-state operation. 

(5) The electronic controller maintained turbine inlet temperature within 
40 R during steady-state operation and within 80 R during power 
transients of 150 hp. 

(6) The electronic controller through the preheater bypass valve main- 
tained the hydrogen temperature into the lube and hydraulic coolers 
between 860 and 920 R as required to prevent congealing or freezing. 

(7) The electronic controller through the recuperator bypass valves 
maintained the combustor inlet temperatures near the 750 R set point. 

The following recommendations are made for future APU improvements: 

(1) The honeycomb seals on the turbine should be redesigned to reduce 
seal leakage. 

(2) The combustor case should be redesigned to be less subject to 
distortion, and the spark plugs should be redesigned to prevent 
spark plug cavity breathing and the resultant overheating. 

(3) The oxygen pressure regulators should be replaced by electronically 
controlled pressure regulators to increase response time. This will 
permit elimination of the oxygen accumulator from the system. 
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APPENDIX A 


SUBSYSTEM TESTS 
Combustor Tests 

A series of development tests were conducted to verify the APU-T combustor 
design. The main objective was to obtain efficient combustion of a fuel-rich 
hydrogen-oxygen gas mixture within a minimum L*. To verify combustor design 

performance and meet performance objectives, the development effort consisted 
of : 

(1) Configuration development - injector AP, flow distribution, opera- 
tional checkout 

(2) Ignition development 

(3) Gas stream temperature profile determination 

(4) Chamber wall thermal mapping 

(5) Performance mapping - steady-state limits, lightoff limits 

The hydrogen-oxygen combustor used in the development was as shown in 
fig. 6. The combustor was fabricated entirely of Type-347 corros ion-res i stant 
steel except for the copper liner assembly. This prototype unit was built in 
several pieces and bolted together to facilitate examination, modification, and 
assembly. The only hardware modification required during testing, however, 
was to reduce the spark plug gap from 0.035 in. to 0.015 in. to obtain a spark 
at the higher operational pressures (200 to 300 psia before ignition). After 
these component development tests, the prototype unit was reworked and welded 
together for use in APU-T system tests. 

^^®ssure measurements were taken to determine injector pressure drops, 
lightoff limits and combustor chamber pressure. Thermocouples were installed 
on the combustor walls to determine if design requirements were exceeded. 
Thermocouples were also located in the combustion chamber to determine gas 
stream prof i I es. An addition, the copper liner and combustion chamber, were 
coated with a thermal paint as an indication of maximum temperatures reached 
during testing. Instrumentation was recorded primarily on an oscillograph 
tape. ^ 


The combustor met all design performance requirements. Combustor test 
results were reported in ref. I; some of the key results are summarized below. 

L i ghto f f I i m i ts ■ The combustor was ignited and performance-tested 
over a range that exceeded the specified operational envelope of 
the test plan. Originally, the combustor was fitted with a spark 
plug with 0i035-in. electrode gap. Using this plug, it was found 
that the combustor failed to ignite at unlit chamber pressures in 
excess of 24Q psia. A review indicated that a gap of 0.035 in. was 
too great; therefore, a spark plug with a 0.0l5-in. gap was used 
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instead and successful ignition was achieved under all conditions 
attempted. A summary of these conditions is presented in fig. 70, 
which shows successful ignition at points completely surrounding the 
APU operational envelope. The typical design points plotted were 
taken from a compilation of system computer runs. 

Character i St i c velocity (C*) . — The characteristic velocity as deter- 
mined by the test data is shown in fig. 71. Characteristic velocity 
was determined by the equation: 

PA.g 

w 


A 


t 


A f 

g 


TR 


where 


A 

g 


TR 


geometric area of throat, sq. in. 

influence factor correcting for change in throat 
area caused by metal temperature change during 
firing 


This was plotted against a background curve of theoretical C* provided 
by NASA for propellant inlet temperature of 530 R. 


Gas stream temperature profile . — The gas stream profile was mapped 
by means of four thermocouples located 4.25 in. downstream of the 
injectors as shown in fig. 72. During the test sequence, the injector 
head and copper liner were rotated through five circumferential 
positions to provide for 20 temperature data points under each test 
condition. The location of each of these data points with respect 
to the injectors is shown in fig. 73. These results showed that 
the combustor and cooling gases were well mixed by this point. 

Combustor exhaust temperature . — Combustor exhaust temperature data 
were obtained as shown in fig. 74. The measured values compared 
favorably with theoretical exhaust temperature. 


Heat Exchanger Tests 


Prior to installation in the APU-T test system, the H2~02 APU heat 
exchangers (See fig. 9) were sujected to standard production acceptance tests. 
Performance tests of only the temperature equalizer were conducted using water 
as the test fluid. Although the slightly tapered construction of the heating 
equalizer cylinder should have promoted intimate contact, the efficiency of 
the brazed buffer fin Joints was unknown. For the other heat exchangers, 
the performance prediction was not in question. 
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(c) A«latlvc Position} of Thcrrnocojp I «s and InjacCprs 


Posit i 


S-»7? 


Figure 73. --Data Point Locations Relative to Injectors 











The tests conducted 


are summarized as follows: 


Component 

Pressure 

proof 

pressure 

Helium mass 
spectrometer 
1 eakaqe 

1 sotherma 1 

pressure 

drop 

Per formance 

Temperature equalizer 

X 

X 


X 

Preheater , regener ator 

X 

X 

X 


Lube oil coo 1 ers 

X 

X 

X 


Recuper atqr 

X 

X 

X 



in fin~ ";r of the temperature equalizer was as shown 

H? ! h' achieved performance was approximately 15 percent below nre- 

dicted. This was illustrated in the r,hA curve. For the pu^posrof a al vsi^ 
and comparison the entire buffer zone resistance was buift in?o ?he ox!qen 
s de. It IS believed that because of incomplete brazing, there was incr^sed 

the Lygrcirc'it'''"- attributed to 


. . ^<^aptance tests .—Anal ys is of acceptance test data indicated that the 

heat exchangers met requirements with the exception of the equalizer Isother 
ma pressure drops were slightly below predictions for the hydraulic and ^ub^ 
°'i maximum of 15 percent in the hydrogen circuit for one unit) 

a d closer to predicted for the preheater, regenerator, and recuperator 
either difference was sufficient to significantly affect qhA prLictions. 


Turbine-Gearbox Tests 


^,rion ■'■‘^'■^’^rsearbox tests were conducted to assure that the unit was 

th^SSApi^sieed'ra^a^ ^ capable of operation throughout 

t^rhin ^ “®'’® scheduled to be conducted before the 

turbine J>rBze6 into the APU-T system so that operational problems could 

be corrected without affecting the APU-T test schedule. 

the tests, the turbine-gearbox assembly was mounted on a 0 to 6000 
rpm dynamometer test stand. The dynamometer drive was connnecled to onf oJ 
the pump drive pads .Ith a spliped quIN shaft, the other Paulas cov^d 
Lubricaht »as supplied to the turbine-gearbox from the saine faclirtu equipment 
™ /f 'Kr tests. Three acceler^ete?s Serf 

,Tul. ?6. self-induced vibration. The test setup is shown 

each ort::Mrihi;t'i?rc:?;'jo?n;°;- b“^c °o ^^-ugn 

each had sufficient flow for lubrication, ’oriflceron the in?et were°adjusted 

tabljr23*and°?4"°u" desired flow distribution with results as sho2n In 
ables 23 and 24. Various orifices were used in circuit E (inlet to the 
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Overall heat transfer conductance (^hA) , Btu/ (min) (°F) 



Flow, Ib/min s-9i*9i2 


Figure 75. — Heat Transfer Conductance, SSAPU (Based on Test Data), 
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WATER 



CSI 


Figure 76. — Test Setup Schematic - Turbine/Gearbox Test. 










TABLE 23 


LUBE OIL FLOW 




Lubr icated 


Circuit 

Designation 

part 

Pred Icted 

Measured 

. A 

PA-86964 

Outboard 

pinion 

0.16 

0.13 

B 

Gearbox 

back 

Pump drive 
gear 

0.20 

0.11 

C 

Gearbox 

front 

Inboard pin ion 
planet journals 
sun gear 

1.07 

0.46 

D 

Shaft 

Turbine shaft 
(cool i ng) 

2.22 

2.23 

E 

Turbine 

Turb i ne bear 1 ngs 

0.24 

0.30 




3.89 

3.23 


TABLE 24 


OPERATING CAPABILITY TEST SCHEDULE 


Input speed, 
rpm* 

Turbine speed, 
rpm 

Dwel 1 time, 
min 

500 

6274 

23 

1000 

12 547 

7 

1500 

18 821 

13 

2000 

25 094 

6 

2500 

31 368 

5 

3000 

37 642 

17 

3500 

43 915 

5 

4000 

50 189 

5. 

4500 

56 462 

7 

5000 

62 740 

5 

5253 

65 915 

_4 

Tota 1 79 


^Measurements within +3 rpm 
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turbine bearings) to determine the optimum (minimum bearing temperature change 
and maximum heat rejection) lube oil flow at nominal SSAPU operating speed. 
Results of these tests as shown in fig. 77 indicated that the optimum lube 
flow was 0.7 gpm. Therefore, the choke orifice at port E was removed. 

For the subsequent operating capability tests, self-induced vibration 
and audible noise were observed during an excursion through the SSAPU turbine 
speed range; the nominal turbine speeds and the dwell times at each are 
tabulated in table 24. No excessive accelerations or audible noise was observed, 
and measured turbine bearing and lubricating oil temperatures and flow rates 
assured adequate turb i ne-gearbox lubrication for the subsequent APU-T system 
tests. A gearbox loss of 28 hp was calculated from the dynamometer tests 
(fig. 78). 

Changes in the turb i ne-gearbox incident to the turbine-gearbox test 
program which were incorporated for the APU-T system tests are described below. 
Port designations correspond with those shown on fig. 76. 

Port A — Port A, originally a part of Port D, was added to separate 
Turbine flow from gearbox flow for individual measurement. 

Port B — Port B, originally a single inlet dividing into separate 
jets to lubricate each pump drive gear, was made into two ports, 
each connecting to the gear through a separate removable bayonet 
with its own oil filter and jet, permitting individual measure- 
ment of lube oil flow to each gear and easy removal for cleaning 
if necessary. 

^ Port E, the turbine oil inlet, originally contained an 
0.033-diameter orifice before dividing into the rear and front 
bearing flow passages. This orifice was removed to increase flow 
to the bearings. 


Control Circuit Tests 

Each circuit board was tested to verify that its functional characteristics 
were acceptable. The chassis mounts also were checked for proper functional 
characteristics. Typical procedures were as follows: 

Al . The Al board contains the thermocouple amplifiers for the turbine 
inlet temperature, plus overtemperature comparators. This card 
required a calibration to compensate for any initial errors. The 
circuit card was connected to a breakout box and the appropriate 
power sources were connected. An equivalent millivolt source was 
used to simulate the thermocouple signals. The test results are 
tabulated below. 

Temper atur e TIT ( control ) TIT (overtemperature) 

1000 R (2.500 V) 2.495 V 2.500 V 

2000 R (5.000 V) 4.991 V 4.994 V 
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Figure 77 




Figure 78 . --Turb i ne/Gearbox Mechanical Drive Test Setup. 
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A2. The A2 card contains the thermocouple amplifiers for lube oil, T 32 , 
and T^g- The test and calibration procedures were the same as those 
for Ai . Results were: 


Temperature 


350 R 

-0.406 V 

400 R 

0.055 V 

460 R 

0.659 V 

500 R 

1.086 V 

Temperature 

Isa 

600 R 

2.021 

700 R 

3.052 

800 R 

4.049 

900 R 

5.044 

Temperature 

Lube Oi 1 

600 R 

3.021 

650 R 

3.523 

700 R 

4.025 

750 R 

4.520 


A3. The A3 card contains the turbine inlet temperature control loop. 
This card was tested similarly to the two previous circuit cards 
Power sources were connected and adjusted to simulate condition 
signals with the following results: 

TIT set point Adjust pot setting 

964 R 0.0000 


1465 R 5.000 

1959 R 10.000 

A4. The A4 card contains the precision +5 V tO.I percent power supp 1 ies 
used in the computation and control loops, and the modulating power 
source for all of the LVOT’s and RVOT's for angular and positional 
feedback loops. These circuits were calibrated to within accep- 
tab le limits. 
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A5. 


The A5 card contains the turbine monopole signal conditions. 
Tabulated below are the test results. 


A6, A7. 
A8, A9. 


'^control 

V . 
out 

10 000 

0.797 

20 000 

1.593 

40 000 

3.182 

63 000 

5.008 

^verspeed 

V 

out 

10 000 

0,796 

20 000 

1.591 

40 000 

3. 181 

63 000 

5.005 

68 000 

5.396 

The A6 and A7 cards contain the 

position 


va,v«s. me Doaras were tested and performed to expected limits, 

The A8 and A9 cards contain the position control for the Hp and 
O 2 flow control valves. The boards also contain the combustor 
pressure transducer signal conditioner. To calibrate the 
transducer, the actual device to be used was connected to the 
circuit card and calibrated. 


AID. 


provide signal conditioning for the RVDT’s 
and LVDT s. The final board calibration was performed at the 

test facility to obtain the proper match between signal conditioner 
and transducer. 


Al 


- A 1 6. These cards contain 
tion, but each 


circuits that did not require cal ibra- 
was tested to verify Its performance. The cards 
provided for start-stop logic, hydrogen and oxygen control loops, 
interface, buffer amplifier, and failure monitor. 


i nstrumentat Ion 


Chassjs.— The chassis subassemblies provided solenoid drivers, spark 
detector and relay drivers, ±I5-V regulated power supplies, and the power 
amplifiers necessary to drive the flow control and bypass valves. All of 
these subassemblies were tested prior to chassis installation. 


148 



Control Subsystem Tests 


The control subsystem test series used a turbine analog in place of the 
turbine and a dummy turbine inlet torus to permit extensive testing and evalua- 
tion of the combustor and its control system. The turbine analog was a black 
box with turbine performance and inertia built Into it. The control subsystem 
test setup is shown in fig, 79, which includes a closeup view of the instru- 
mentation used. Combustor inlet pressure and temperature were input and 
hydraulic loads were simulated to check turbine response character i st i cs . 

The tests were run with the combustor, and turbine inlet (simulated by the 
dummy torus) pressure and temperature were sensed and fed into the turbine 
analog. 

The test series had two principal objectives: 

(1) Check out the control circuit and prove that it would control the 
turbine inlet temperature to acceptable levels for ail operating 
conditions; if it would not, develop improvements that would assure 
control . 

(2) Calibrate the turbine inlet thermocouples used for the control 
system. 

The objectives of the test series were met; that is, turbine inlet tem- 
peratures were controlled to acceptable levels, and the thermocouples were 
calibrated. However, improvements in the hydrogen control valve were made 
after the torque motor had failed repeatedly to meet response requirements. 
Replacement of the torque motor with a samarium cobalt dc motor improved 
response and assured control system stability during demonstration tests. 

Test setup . — The control subsystem test setup is shown in fig. 80. This 
setup reflects improvements in the control subsystem developed during the con- 
trol subsystem tests, a principal test objective. These improvements are 
described later under Test Results. 

There are seven forcing functions for the controller: 


(1 ) 

H 2 inlet 

temperature 

(2) 

Turb i ne 

load 

(3) 

H 2 inlet 

pressure 

(4) 

Turb i ne 

exhaust pressure 

(5) 

O 2 inlet 

temperature 

(6) 

0 2 inlet 

pressure 

(7) 

Heat load 
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ion. 
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Only the turbine load was simulated in the turbine analog to check out 
the control subsystem. 

The other forcing functions were eliminated for the foliowing reasons: 

(1) Hydrogen and oxygen inlet temperatures: Propellant inlet temperatures 

throughout this range were not expected to have significant effect 
upon the turbine inlet control circuits. 

(2) Hydrogen and oxygen inlet pressures both have negligible effect on 
the system because they are regulated within a few psi. Interactions 
between the oxygen pressure regulators and the accumulator were 
included in the test system, and the results were closely examined 
for possible interactions. 

(3) Turbine exhaust pressure: The effect of exhaust pressure changes 

was included in turbine load input. 

(4) Heat load: Reflected only in H 2 inlet temperature. 

The test matrix in table 25 was used to simulate steady-state loads from 
0 to 400 hp and transient operating conditions. 

Control subsystem testing and results . — Prior to the hot testing with the 
combustor, the torus nozzles were flow checked by flowing hydrogen through the 
setup. A total effective area of 0.15 sq. in. was obtained by adjusting the 
size of nozzle openings. The NASA V6 hydrogen venturi was used for the 
ca I ibrat ion. 

The two control subsystem thermocouples were calibrated against the average 
Temperature indicated by the six thermocouples inserted through the torus 
discharge nozzles. The flow around thermocouple ends was choked so no heat 
transfer would occur between the thermocouple bead and connecter. The true 
gas temperature in the torus was obtained using this method. 

Initial tests were conducted to calibrate the flow control valve in the 
H 2 and O 2 circuits and to check out operation. Accumulators were added to the 
H 2 -O 2 supply lines to attenuate pressure regulator response to changes in 
I i ne pressure. 

A second series of short duration operations at lower pressure and 
temperature to establish start capability revealed oxygen backflow and over- 
heating of components located downstream of the oxygen shutoff valve. After 
experimentation with the oxygen check valve location, the check valve was 
eliminated and an additional oxygen shutoff valve (equipment identification 
190, fig. 76) was added between the combustor and the control valve. Retention 
of oxygen at approximately 500 psig in the area between the two shutoff valves 
effectively prevented backflow. Additional control changes made to prevent 
inadvertent shutdown during start included increasing the TIT limit rate by 
a factor of 2, increasing the Delta TIT limit to 120 R, and increasing the 
delay time on control valve position versus commanded position from 20 to 40 
msec. 
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TABLE 25 


COMBUSTOR AND CONTROL SUBSYSTEM 
CLOSED LOOP TEST MATRIX 


Turb i ne 
1 oad hp 
(anal og 
sett 1 ng ) 

Test 

cond i t i on 
number 

Q) 0 

1 



(0 


V, 100 

2 



■g 200 

3 

0) 




o 

o 

S 

4 

0-100 

5 

0-200 

6 

0-300 

7 

0-400 

8 

o 


{/) 


*o 


o 100-200 

9 

? 100-500 

10 

^ 100-400 

11 

O 


1 

200-300 ! 

12 

200-400 

13 

300-400 

14 


®Load cycling was varied from 0.1 to 1.0 cps 
during each test. 





Other improvements to the control subsystem include: 


(1) Changed the filter time constant in the spark detection circuit 
to be compatible for a spark rate of 60 sparks/sec. 

(2) Changed the feedback err or det ect or 'circuit to el iminate nuisance 
shutdown . 

(3) Developed a circuit to incorporate a l5-sec delay before the hydrogen 
shutoff valve was closed to permit hydrogen flow to cool down the 
combustor and the turbine area. 

(4) Developed a circuit to lower combustor pressure setpoint in normal 
shutdown to 50 psig. It was found by later analysis that the 
original setpoint at 100 psig might overspeed the turbine with 
cold hydrogen operation. 

Valve development . — A 5-Hz oscillation of the O 2 control valve noted durin 
steady-state operation was eliminated by reducing the temperature loop gain (by 
a factor of 4) to agree with control design. Subsequent operation duplicated 
the previous conditions (75 percent power, 1920 R, and 500 psig) with no O 2 
control valve oscillation and no temperature overshoot or undershoot. 

The steady-state tests also revealed 50-Hz oscillations of the H 2 control 
valve, which increased in amplitude with decreasing power. Investigative open 
and closed loop tests isolated the instability to malfunctioning of the hydro- 
gen valve torque motor, and/or an improperly positioning LVDT in the hydrogen 
or oxygen flow control valve. Subsequent operation at zero-to-lOO percent 
load and combustor temperature settings up to 1660 R caused no reduction in 
the instabi 1 ity. 

Open and closed tests to determine H 2 valve characteristics indicated 
that flow at low-flow conditions tended to close the valve, thereby requiring 
greater operating signals to obtain operating position resulting in a very high 
gain at high flows where the closing effect was less pronounced. Attempts to 
improve valve performance with increased spring rate indicated the torque motor 
could not fully open the valve. The torque motor was undersized. Its torque 
tube, which provided the restoring force for the actuating arm and also served 
to contain the H 2 gas pressure, failed repeatedly. The dry torque motor using 
a torque tube was then abandoned, and the valve was modified to be actuated 
by a rotary electric drive motor. 

The e I ectr i c-motor drive was a rare-earth-cobalt, dc-motor-type (see 
tig. 24). Subsequent tests showed that the electric-motor driven H 2 control 
valve maintained combustor temperature and turbine speed within acceptable 
limits. This valve configuration was used for the remainder of the program. 

Test results of the electric-motor drive system are shown in figs. 81 
through 84. The data show valve response to the command position faster than 
that of the O 2 valve, causing an increase in 0/F ratio and turbine inlet 
overtemperature during a transient. This problem was solved by increasing 
the volume of piping between the valve and the combustor. The hydrogen valve 



LVDT 

Pos it ion 
Output 



Command 
Pos i t i on 


a. 0.1 Hz 



Note: • No flow 

• Closed loop b. 10 Hz 


LVDT 

Pos it ion 
Output 


Command 
Pos i t ion 


F-21397 


Figure 81. — Response Tests on Electric-Motor Driven H 2 Flow Control Valve. 
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Figure 82.— -Response Tests on E lectr i c— Motor Driven H 2 Flow Control Valve. 
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LVDT 

Pos it ion 
Output 


2 v/cm 


Command 
Pos it ion 


a. 


0.1 Hz 



2 v/cm 



LVDT 

Pos i t ion 
Output 


Command 
Pos it ion 


Note: • No flow 

• C 1 os ed 1 OOP 


0.1 


sec/cm 


b. 0.1 Hz 


F-ZWiOO 


Figure 03 .--Response Tests on Electric-Motor Driven H 2 Flow Control Valve 
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was moved upstream about 15 in, which increased the blowdown time of the 
volume between the valve and the combustor, thereby decreasing the transient 
Q/r ratio. 

Co ntrol subsystem demonstration . — Steady-state operation of the revised 
controf subsystem showed stable operation during tO-sec dwells at 0, 25, 50, 
75, and 100 percent load. Thermocouples located in the simulated first-stage 
turbine nozzles read I960 R during steady-state runs. 

During transient operation with 25-percent load changes, the maximum 
variation in TIT was 78 R for the change from 25 to 0 percent load, -igures 
85, 36, and 87 show the subsystem dynamic . performance for 25-percent load 
changes: . 0 to 25 to 0 percent, 25 to 50' to 25 percent, and 50 to 75 to 50 
percent. 

Control subsystem testing conducted from March through July 1974 
accumulated 37 min run time and resulted in a subsystem capable of controlling 
the APU-T system. 
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In. /Sec 



Figure 85 . --Subsystem Run 239 — 0 to 25 Percent Load. 
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APPENDIX B 


DATA REDUCTION EQUATIONS 

This appendix presents the calculations used to reduce the H2-O2 APU-T 
test data. Necessary curves used in the data reduction are presented following 
the equations. 
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Pertinent Equations 


1 dent 
No. 

Equat i on 

Data used 

Uni ts 

1 01 

Hydrogen weight flow 
60 C A P / 

w = ^ ^ UsL. 

^2 VRT, ^(K-1) 

1 A = (.2725)^ n/A = 0.05 
C|^ = use curve^^^ 

K = 1 .41 

9 = 32.174 ft/sec^ 

R = 772 ft/ R 
B = barometric pressure 

IVhj -\K) j 
832 in.^ 

Ib/i n. ^ 

P, = RP 67 + B 
= RT 67 

1 f DH69 < 10 
p 2 = P, - DL69 
1 F DH69 > 10 
P 2 = P, - DH69 

Ib/ml n 

1 02 

Oxygen weight flow 

60 C A P / •■/p \ 1 /P \ ]S±L , 

W - 7^ L Ml /l2\ K /^2\ K 

°2 [\p,J ■ [p;j j 

A = (. 0905 )^ -r/4 = 0.006433 in.^ 

Cjj = use curve 
K = 1 .40 

g = 32.174 ft/sec^ 

R = 48.25 ft/ R 

B = barometric pressure, Ib/in. 

P^ = RP 66 -r B 
= RT 66 

1 f DH 68 < 10 
P 2 = P, - DL 68 
1 f DH 68 > 10 
P 2 = P, - DH 68 

1 b/mi n 

103 

0/F ratio 

0/F = (0) / (0) 

Same as for 

and ( 1 ^^ 
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Pertinent Equations (Continued) 
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Pertinent Equations (Continued) 


1 dent 
No. 

Equat i on 

Data used 

uni ts 

106 

Heat of rejection 

hr = 0^ Wq = 6438 Btu/lb 

= @ 

Same as for 
0 

Btu/mi n 

107 

Turbine inlet molecular weight 

MW = 2.016 (1 + 0/F) = 2.016 (1 + ) 

Same as for 
0 

|~ 

1 b -mo 1 

[ 

160 

Specific heat ratio 
y = f (O/F) = f ( ) use curve 

Same as for 
0 

T— 

108 

Turbine pressure ratio 
PR = P^/P^ 

B = barometric pressure 

P, = SP62 + B 
P^ = SP64 + B 


109 

! 

1 

) 

( 

1 

1 A(Jf abat i c head 

Y-1 1 

-L= , _/!2.\V_ , . / . \ - 

Same as for 

(i^ 

T = ST62 

ft 

1 

^ ^1 ' \(0) ) 

A = f (O/F) = f ( ) use curve ^^8^ 

110 

Turbine flow 

* ' *0^ * \ = 0 + @ 

Same as for 
(i^ 

1 b/mi n 

1 1 1 



hp 
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Pertinent Equations (Continued) 


1 dent 
No. 

Equati on 

Data used 

Uni ts 

1 1 2 

Lube oi 1 flow 
W = Gp 

p = 10.195 - 3.511 X 10 from curve 

G = SQ 83 + SQ 85 
(turbi ne)(gearbox) 

T = STI 7 

Ib/mi n 

113 

Heat rejection to lube oil 

a = ^ ■^g S > 

T u 

w « sq83p p = 10.195 - 3.5" X lo'^T.^ 

.4 At * 

Cp = 0.255 + 3.43 X 10 ^2 j 

OT, = - T 

Wg = SQ85P, 

Pg = 10.195 - 3.511 X lO’^Tg curve 

C = 0.255 + 3.43 X 10 ^ (’’‘‘^2 ^)'® 

''■'c “ ■^G - " 1 

“g '^'^G S, ° '*^•5 ® 

G 

sa83 

SQ 85 

■ 

T = STI 7 
T.J. = ST84 

Tq = ST86 

Btu/mi n 

114 

Turbine horsepower (AT method) 
hp = 55^ W AT 

Cp = f (O/F) = f (@ ) see (V) 
w = 110 AT = T|^ - Tq^.j. 

Same as for 

0 0 
4h = 

^OUT ^ 

hp 

115 

1 

Turbine horsepower (mechanical method) 
hp = + ( 1 ^/ 42 . 5 


hp 
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Pertinent Equations (Continued) 



7 Turbine efficiency (AT method) 


-n = ^00 AT 

■""t 

1 Y+1 


AT = T, - T^ 


^ = see 


8 Turbine efficiency (mechanical method) 

© 

\ = ^ X 100 

© 


119 Turbine efficiency (heat rejection method) 


Tl-r = ^ X 1 00 


" © 


120 Hydraulic hp 


= p _ p 

OUT IN 

G = SQl 9 i f L(i2 < 20 
G = LQ2 if LQ2 > 20 


Data used 

j Uni ts 

Same as for 

1 

I hp 

©@® 


T^ = ST62 
T^ = ST65 
Same as for 

0 

i 

Same as for 

$ 

0 0 


Same as for 


0 0 


'"out ' 

- LP2 

G = LQ2 or SQ19 
as def i ned from 
cri teri a 

1 

i 

- L 

hp 
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Pertinent Equations (Continued) 


t dent 
No. 

Equation 

Data used 

Uni ts 

121 

API) mechanical losses 


hp 

1 

121B 

hp = (in) X = (0) /^2.5 



1 21 D 

hp = (0) - = (w Cp - pump sh 

p 


121 E 

hp = (m) X (Q)/100 - (1^ 


1 


= pump shp + heat rejection to lube oi 1 hp 




- pump shp from heat rejection from hydraulic 



oi 1 to H^O 

■ 


121 F 

hp = (m) - (j^ 




= (W Cp - heat rej. to H^O hp 




122 

Pump shaft hp (oi 1 heatl ng method) 

Same as for 

hp 


hp = Q^42.5 







123 

Hydraulic flow rate through cooler 

T = LT2 

Ib/mi n 


W = Gp 

G = SQI 9 



p = 9.55 “ 0.004T from curve ^^6^ 




Recuperator cold side flow 

T, = ST45 

Ib/mi n 



^2 = ST47 



“r \T2 - ^^| »2 

T - ST51 



(D 

tl 

CM 

•:s 

@ 


125 

Recuperator bypass flow 

RbMBm 

Ib/mi n 


CO 

II 

(D 
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Pertinent Equations (Continued) 


1 dent 
No. 

Equati on 

Data used 

KB 

1 26 




127 

Preheater bypass flow 

"b ' 0 - © 


1 b/mi n 

128 

Heat exchanger effectiveness HX #1 (preheater) 
T - T 

Cold side eff. = — 

3 ■ ^1 

T, - T, 

Hot side eff. = — 

*3 ■ ' 1 

T, = ST27 
T 2 = ST31 
T 3 = ST51 
= ST56 


129 

130 

HX #3 (regenerator) 

T - T 

Cold side eff. = r — 

T 3 - T, 

T, - T, 

Hot side eff. = rr 

^3 • 

T, = ST31 
T 2 = ST35 
T 3 = ST39 
T 4 - ST41 


131 

132 

HX #5 (hydraulic oil cooler) 
■^2 • 

Cold side eff. = ^ 

3 ■ ^1 

T, - T, 

Hot side eff. = -=■ 

3 ■ *1 

T, - ST35 
T 2 = ST39 
= ST18 
T 4 = STI 9 


133 
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Pertinent Equations (Continued) 
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Pertinent Equations (Continued) 


1 dent 
No. 

Equation 

Data used 

Uni ts 

141 

Q HX (preheater) Hot side 

© 



Q= (hj - h^) 

T3 = ST 51 


1 

h = f (T , P ) see 

^4 = f (T4, P4) ^ 

= ST 56 



assume P3 = P^ = 550 psia. 



1 

“h ' @ 



142 

Q HX #3 (regenerator) 

T, = ST 31 

Btu/mi n 


Cold s ide 

T2 = ST 35 



(h2 - h^) 

^2 = ^ ^■’’2’ '"2^ 

assume = 550 psia 

"h= 0 

0 

1 

. 


143 

Q HX #3 (regenerator) hot side 

T3 = ST 39 

Btu/mi n 


'^h 

T4 = ST 41 



h3 = f(l3. P3) ^ 

0 



\ f (T3. P4) ^ 



1 

assume P3 = P^^ = 550 psia 



1 

“h = 0 
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Pertinent Equations (Continued) 


Ident 

No. 

Equa t ion 

Data used 

Un i ts 


Q Hx #5 (hydraulic oil cooler) 

T, = ST35 

Btu/m i n . 


Col d s ide 

Tz = ST33 



d = (^2 - h,) 1 




h, =f(T,,P,) 0 




hz = f (Tz, ^2^ 




assume P, , P„ = 550 psia 
1 / 




11 

x: 



1^5 

Hot s i de 

= STI 8 


1 

1 - (l, - V "o ^ 

0 

“o “ © 

--4 + '*' 4 ^ 

C - 0.221 + 6.02 X 10 ^ \ 

^0 

see 
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0. Hx #6 (lube oil cooler) 

= ST41 

Btu/m in 


Cold side 

Tz = ST45 



d = (hz - h^) 

© 



h, = f (T,. P.) see 

0 

hz = f (Tz, P 2 ) ^ 




assume P^ ~ ^2 ~ 




"h ' © 


i 
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Pertinent Equations (Continued) 


Ident 

No. 

Equat ion 

Data used 

Un i ts 

147 

(J Hx (lube 0 i 

1 cooler) Hot s i de 

= ST16 

B t u/m i n 


Q = (T 3 - T,) 


\ = ST17 


P 

! 

“0 - 0 

Cp 0.255 + 3.43 X lO"^ H' V J 
0 ^ 2 / 

0 


\ 

i 

\ 

) 

r — 

5 



1 

CD 

0. Hx #8 (recuperator) 

= ST45 

Btu/m in 


Cold side 


= ST^7 



a = (h2 - 

^ 1 

^2 = f i^2’ ^2^ 

1 see 
@ 

© 



assume P, = P = 
1 2 

550 ps i 




“r = 0 
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d Hx #8 (recupera 

tor) 

= ST65 

Btu/m in 


Hot side 


= ST66 



= <"3 - “m '^P 

«„ = 0 * 0 

0 0 
0 
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Pertinent Equations (Continued) 


'Equat'ions 



tf < 500 R; 
ft = (hj - h^) 
h, = f (T P ) see 

0 

\ = f V ^ 

(assume == goO psia) 


% = 002] 


System heat rejection 

1- ©*0.,.._ 


Hydr oil/water .Hx heat transfer 

1 

f i 

0. = w Cp I 

w P w j 

‘"w = ^2 - I 


w = 8.34 G 
w 


Cp = 1.00 


Exhaust heat rejection 




Data used 



l^and Btu/mi 


T, - LT5 


= LT6 


G = LQ5 



(^^and Btu/mit 

T = ST66 


= (^ + ^ I 


Cp = 0.9857 (Y-1) 


i+=er/F ! 
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Pertinent Equations (Continued) 


■ 

1 dent 
No. 

Equation 

Data used 

Up i ts 

155 

Theoretical combustion temperature 

Tj. = f (T^, 0/F) 

= (T^ - 530) + 586 1714 (0/F) 

+ 56 + (1714 X (1^) 

Note: This is an approximate value 

= ST 58 

® 1 

i 

°R 

156 

Characteristic velocity, C-' 

C-'.- = PAq 60 
w 

P = P^ + B 

B = barometric pressure 

A = turbine first-stage nozzle effective 
throat area 

= 0.1517 in. (in system tests) 
g = 32.174 ft/sec^ 
w - (1^ 

P^ - SP62 
0 

ft/sec 

157 

Theoretical C* 

9 

g = 32.174 ft/sec^ T = 

Y = f (0/F, T) see curve^^^ 
R = f (0/F) = 1544 /( 1 ^ 

and 

ft/ sec 
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Pertinent Equations (Continued) 
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Pump shaft horsepower^ SHP 









Pump shaft horsepower, SHP 






Pump shaft horsepower, SHP 


400 

360 

320 

280 

240 

200 

160 

120 ^ 

80 

40 

0 
















Pump shaft horsepower, SHP 


400 



© System Operation With AP27-3-02 Hydraulic Pumps 


85 



Specific heat - BTU per (lb)(°F) k - BTU per (hr)(ft)(°F) 



© Typical Properties of 

(a MIL-L-23699 Oil) 


Mobi i Jet Oil II 


S-9392i( 


186 


Density, lb per Gal 





187 


Density and Specific Heat of MIL-H-56O6 



Or ig ina 1 



188 


Ratio of Specific Heats Combus 
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APPENDIX C 


DATA REDUCTION FOR SELECTED EVENTS 
IN ANALYSIS OF APU-T PERFORMANCE 


The computer output in this appondix is a compilation oF 
APU-T system test data used in the analysis of both component 
performance. Definitions for the test data entitled. Data In 
Units, can be found in the section, APU-T System Tests, under 
recorded data, table 8. Station number identification can be 
27, 23, and 29. 

The test data has the following units: 

Pressure psig 

Temperature P 

Flow gpm 

The calculations listed below the engineering data are based on the 

equations tabulated in Appendix B. 

The test data are shown for runs from power levels of approximately 50 to 
380 hp. The events are indicated by the heading, READING, and are listed 
consecutively starting with reading (event) 131 in run 90 and ending with 
reading 705 in the last performance test conducted (run 187). 


the steady-state 
and overa I I APU 
Eng i neer i ng 
the summary of 
found in figs. 


193 


Date 10- 4-7<i 
time ll-lJ- 2 


RUN 90, Ey/£NT !31 

H202 APU PERFORHANCr 


RCADINK 

SAROPCTCR 


131 

13.33 PSI« 


RP66 

spie 

LP2 

ST19 

ST5l 

5TS6 

L32 


101 

160 

115 

126 

134 

142 

15c 

15B 

106 

145 

149 

153 


«7fl,72 RP67 
127,25 SP63 
109.00 RT66 
552.64 sT27 
976.66 ST56 
557,42 UT2 
17.06 L05 

Calculations 

2.444 102 

1.370 106 

5**, 495 116 

0,000 1210 

0.624 127 

0.413 
652,526 
1 79,513 

I 04 , 054 


9669 . 
990, 7u9 
4914,011 
1 155.027 


535,14 

71.52 


UNITS 

OL68 

6.51 

0L69 

SP27 

553.90 

SP58 

RT67 

539,19 

ST5 

ST3i 

366 ,46 

ST35 

ST57 

731.53 

ST58 

LT5 

536.90 

LT6 


3.70 SP5 
5117,36 Sp 62 
527.13 STT 
469.12 STS9 
752,30 ST62 


®75.84 SP7 
96,95 SP64 
629.00 ST16 
532.35 ST4i 
1959.18 ST64 


538.84 SN8162598.38 S019 


526.94 0M6B 
0.22 SP66 
533.96 ST17 
576.03 ST45 
1390.42 ST66 
7.97 S083 


135 

14 J 
151 
159 


1 

9 

50 

72 

1 

0 , 

628, 

-36. 

3. 


.504 103 

.137 109 

6**7 117 

615 121C 
820 128 
136 
144 


823 

013 

77i 

917 


68 

11 

0 

0 

f.85 


152 6239 
161 0 , 


.615 

■••• lie 

. 307 UA 
.168 121F 
.169 129 

.841 137 

,467 245 


153 
1 4Q 


0,000 
3,94^ 
31.260 
76,461 
0.964 
0.635 
980,709 
15! 1155, 6?7 


104A 
111 
119 
122 
130 
138 
1 46 


47, 170 
174.321 
29.054 
43.325 
0,4 98 
- 0.102 
199,019 


105 

112 

IPO 

123 

131 

139 

147 


109 1456428, 
148 3200,153 

152 6238,155 

154 7C62,325 


Date 

Time 


10 - 4-74 

11- 13-31 


run 90, £V£N^ 133 
H202 flpu PCRFORMANCF •»« 


6.89 0H69 5,04 

0.15 LPl 3908,27 
486,26 ST18 579,17 
499.97 ST47 1249.62 
824.38 ST04 563,73 
0.42 SQ85 0.63 


5.024 
9.044 
18.052 
99.099 
0, 4fc0 

0.498 

185,466 


154 7nft2.325 155 l863.23l 


106 9688,035 
113 311,206 

0.000 
1,228 
0.756 
792.987 
148 3200.153 
156 6177.220 


124 

132 

140 


107 

114 

121B 

125 

133 

141 


3. 256 
119,786 
7,322 
1.216 
0.241 
121 1 .749 
149 4914,011 
257 7858,631 


RCA0IN6 133 
barometer 13,33 PSla 


PP66 

SP18 

LP2 

ST19 

ST51 

ST86 

L02 


101 

160 

115 

126 

134 

142 

150 

158 

1 06 
145 
149 
153 


670.72 RPb7 
12?, 92 SP63 
105,88 RT66 
5«44,24 ST27 
913,12 ST 56 
^60.69 lT2 
48,94 LC5 

CALCULATIONS 
4.079 1C2 

1.372 108 

149,224 lib 
0,000 1210 
1.275 
n.28i 
816,870 
355,422 
lCP.6f 4 


1P7 

135 

145 

I'l 

159 


15692, 

1085,055 

5935,979 

501s8. 7 


54b. 03 

7 1 .42 


2.437 iC3 
13.074 109 

147.830 117 

68,258 121E 
2,804 128 

0.790 
766.312 
-92. J66 
4.689 


UM TS 



DL6d 

13.75 

DL69 

SP27 

546,42 

SP58 

RT67 

540,30 

?T5 

ST3l 

409,40 

ST35 

ST57 

725.79 

ST50 

LT5 

536 , 90 

1 T6 


136 

144 

152 

161 


C .597 

61.432 
10.166 
0.214 
0 , 924 
^91 . Ofti 

0.152 


13 

530 

525 

468. 

750. 

545, 


'In cni® SP7 SO*. 30 DhM 
,60 SP 6 ? 165.56 SP 64 0 35 SP 64 
■c* STT S. 2 .M STI, jm 
29 ST39 533. 0l S74i 475,84 5743 
68 5T62 1965.66 $765 1369.19 ST 66 
33 SN816248«.13 SQ19 7.26 5603 


1 1 0 
HR 
l2ir 
129 
137 


0.000 

6.517 

44,306 

69.652 

0,934 

0.468 


145 1085,955 
153 5010,867 


104A 

111 

119 

122 

130 

138 

146 

154 


14C ,432 
336.800 
43,892 
139.050 
0.476 
•0.123 
P66.182 


109 1705370. 
148 5926,973 

152 18834,^30 

1^>4 13915,940 


ir5 

112 

120 

123 

131 

139 

147 


17,19 DH69 16,02 
0.17 LPl 3950,25 
490.12 ST18 580,52 
495.03 ST47 1303,49 
959,90 ST84 680.12 
0.44 S085 0.70 


2.784 
9.7m 5 
1C9.936 
53.541 
0.4b2 
0. 7 h4 
227.211 


106 

113 


155 1030, 69« 


372.845 
0.000 
2.109 
0.576 
140 1818.587 
148 5928.973 
156 8038,578 


124 

132 


107 3,220 

114 208.710 

1216 8.772 

125 1.969 

133 0,322 

141 2611.676 
149 *935,979 
157 7029.959 


date 

TJME 


1(J- 4-74 
11 - 16 - 1 


RUN 90, EVENT 138 
H 202 APU PRRPPRHANCF 


READING 138 
barometer 13.33 PSIA 


PP66 

spie 

LP2 

ST19 

5T51 

ST86 

LQ2 


101 

160 

115 

126 

■134 

142 

150 

158 

106 
145 
14 9 

153 


877, 5p RPb7 
119.45 SP63 
95.50 RT66 
542.5! sT27 
967.86 ST56 
576,88 LT2 
66.99 L85 


CALCULATIONS 
4,890 102 

1.371 
19?. 227 

0.000 I2l0 

1.790 127 

r .247 
92P.C12 
398.695 
105,769 

15960, ■ 

1178.11)1 

0033,543 
74 14 , 5i 9 


lOd 

116 


135 

143 

151 

159 


551.03 

71.47 


2.945 
16. 036 
2C7.C97 
69.455 
3.081 ■ 
0.748 ' 
030.289 
-124 . 386 
5.503 


UNITS 



OLbd 

13. 75 

0L69 

SP27 

542,44 

5P50 

RT67 

540.19 

ST5 

ST31 

411.15 

S'^8* 

ST57 

727.12 

ST 40 

LT5 

536, 73 

L T6 


103 

109 

117 

121E 

128 

136 

144 

152 

161 


0,603 


® ?««.1T SPSt o.«i SPt. 

IIMlI cjr 554. STIT 

Tnl'JS 525.31 ST.l .T...0 ST»5 

STS? t.iJ.TO ST,5 13^1.11) ST" 

549.1, SN8162456.63 S019 4.ii9 SOBJ 


59,014 

-3,819 

0.251 

0.097 

^59,996 

0.147 


110 

118 

121P 

129 

137 

145 

153 


0,000 
7,825 
45,483 
55.585 
876 
535 
101 
519 


0* 

0 . 

1178, 
74 14, 


1 04A 
111 
119 
122 
130 
138 
146 
154 


183.177 
424. 6Sr 
48,748 
197,047 
0,489 
-O.lll 
336.182 


1 05 
112 
120 
IPS 
131 
139 
147 
155 


2 . 

10. 

150, 


109 1791562. 
148 «0lb.l«6 

152 22838,732 

154 15424,^14 


25.49 DH69 23,16 
0.18 tPl 3936.50 
495.50 STi8 584.34 
495.16 S747 1272.65 
597,60 ST84 608,07 
0.47 S085 0.80 


563 
833 
132 
50.293 
0.441 
0.047 
208.579 
1040,546 


106 

115 


427.146 
0,000 
124 2.967 

0.496 
140 2926,785 
148 8016.186 
156 6289,405 


107 

114 

1218 

125 

133 

14J 


3.232 
252,632 
10.050 
1.9i5 
0,356 
- 4022,908 
149 8053,543 
157 7837,311 


ORIGINAL PAGE IS 
OF POOR QUAUTY 


194 



DATL Id- 
TIKL ll-l7*45 


PUN 90. EVENT 143 
• •• H2r»2 ftOu PrftFOHKANCr 


RCAOtNS INS 
BAROMCTCR is. S3 



data 

T . 

9P66 

B75, 

71 

5rie 

133. 

le 

lP? 


07 

CT 19 

5h a . 

15 

ST51 

1 017. 

78 

4T0fa 

5o3, 

B4 

Las 

126 . 

6*> 


ENGUECUNG 
rtPfe? S5d.G9 
fiPb! Nb.lN 
nTfat. 503.6b 
^T27 ITH.SP 
iT5b S6v.95 
LT2 561.21 
L45 To. 5? 


UtgUS 



DL6b 

13 

75 

SP27 

517 

22 

RT6? 

540 

71 

ST31 

429 , 

,5P 

ST57 

730, 

,92 

LT5 

536, 

. 90 


13,76 
SP5ft N56.55 
«;T5 ‘>16.63 

$T^‘ u66.?i0 

ST56 749,77 
LTf, ^57.19 


SP5 846.36 
SP62 340,08 
ST7 69?, n? 
ST54 509.08 
9T6? 1961.4? 
S»l816?37T .88 


5P7 

504,45 

SP64 

l.OB 

ST16 

564.93 

ST41 

475.15 

ST6* 

1341,70 

SCl«» 

6.5? 


0M8A 65,4S 
SP66 O.ia 
ST17 500.91 
ST45 489.02 
iT66 834.98 
SC83 0.45 


0H69 

62.09 

UPl 

3840.29 

ST18 

591,73 

ST47 

1196.99 

ST84 

613.45 

SQ85 

0.92 



C ALCULATlOfli 


101 

7.700 

102 

4.596 

160 

1 .372 

108 

24 ,M? 

1 15 

331 . 363 

116 

317. eo7 


0,000 

12IC 

o9,829 

l?6 

3,363 

127 

4 , 337 

154 

0, 163 

155 

0,713 

142 

966,607 

143 

flOM .9«+l 

150 

50P , 1 09 

151 

-193. 3m5 

158 

107,506 

159 

6.503 


103 

0 , 

.597 


0 , 

,000 

109 

• • • « < 

» « « • 

1 1 A 

12, 

,299 

117 

55. 

, Iflf 

118 

45, 

.082 

21C 

24 . 

.376 

i2ir 

103. 

.384 

129 

0 , 

, ?fl? 

129 

0. 

.801 

136 

0. 

.83J 

157 

0, 

,594 

l44 

11 11 , 

,?9n 

145 

1392, 

.064 

152 


1 •• • 

153 

• • • *4 

*0mm 

161 

n , 

,l45 





1Q4A 

320,543 

105 

2.302 

111 

735. n05 

11? 

11.661 

119 

43,?38 

120 

277,907 

122 

306,907 

l?3 

47.688 

130 

0,464 

131 

0,426 

138 

-O.OAP 

139 

0,818 

146 

304 .035 

197 

326.844 

154 


155 

1029.287 


106 


lOT 

3,219 

113 

459,865 

114 

410.372 


0.000 

121B 

10.820 

124 

5.749 

125 

1.951 

132 

0,340 

153 

0,412 

140 

5725.641 

141 

7602.553 

148 


149 


156 

8415.066 

157 

7827,499 


106 29604. 

145 1382, 0b4 

149 1 5834 , 3y9 

153 11415,671 


109 1972126. 

146 14114, 6A6 
l5? 54526, A97 
l54 22591. ??4 


OfiTE H-ll-74 
TIMf 13*2B-36 


RUM 117. EVENT 230 
H202 PrPFnPMANCr ••• 


RCAOXNG 230 
8AR0METCR 13,44 


9P66 

spie 

lP2 

5T19 

ST51 

ST06 

L32 


data 1 I CNClnCFMlNG 
971.90 HP67 553.29 
117,07 6P63 17. Ob 

96,89 hT66 514.28 
571.51 S72T 542.29 
767,49 sT 56 72i,86 
588.60 LT2 542.94 
34,8? L05 29.97 


jwi rs 

0L66 

13.07 

n *9 

SP2 7 

547,5? 

SP58 

RT67 

537.37 

<^75 

5T31 

542 , 34 

ST 35 

5757 

763,1? 

ST55 

lT5 

520,70 

lT6 


10 

10 

SP5 

867 

63 

526 

55 

5P62 

138. 

46 

5?-» 

32 

5T7 

677 

.73 

853, 

,68 

ST 39 

870, 

.17 

751 , 

.29 

ST62 

1949, 

.58 

543. 

,99 

SM01f 

■?624, 

.00 


*>P7 807.69 0H6B 
SP64 0,36,SP66 
ST16 561.21 ST17 
ST41 584.66 ST45 
S765 1447. ?5 ST66 
S019 7.16 SW63 


13.32 DH69 10.62 
O.Ol LPS 3806.08 
557.02 ST18 579.90 
557.28 ST47 1388.19 
I213.S0 ST84 618,38 
0.75 S085 1.20 


101 

calculations 
3,531 102 

2.117 

1 60 

-1 . 564 

1AM 

10.997 

115 

114.322 

116 

101.57? 

I2fa 

0. ooc 

0.319 

121U 

127 

37,420 

3,tU2 

134 

C . 599 

135 

0.639 

142 

\ 26.505 

1**3 

173,146 

150 

-137,946 

151 

-73.902 

158 

1L3.550 

1* < 

3. 2d? 


103 

0 , 6 


0 .000 

i09 


no 

5.449 

117 

54.947 

n« 

43.646 

121E 

20 , D4A 

i 2 ir 

50,170 

126 

0.000 

129 

0.202 

136 

0,933 

13^ 

0.262 

144 

104, 09‘ 

145 

?57, 954 

152 


15^ 

35?2 .838 

161 

0 .144 




^ 04* 

107. A30 

105 

3,054 

111 

261.920 

11 ? 

16.165 

1 19 

58.770 

120 

75.3to3 

122 

94.280 

1?S 

52.892 

130 

0,407 

131 

0.557 

130 

0.051 

139 

0.630 

146 

?9 , 195 

\47 

30.277 

154 


1*5 

1896. 7S7 


106 •••••*•• 

113 309.917 

0,000 

124 0,842 

132 0.628 

140 0.647 

148 2442,541 
156 8163.823 


107 

3,297 

114 

144.451 

121B 

7.292 

125 

2.488 

133 

0,327 

141 

51.012 

149 

2705,725 

157 

7003,070 


106 1^633. 

145 25T.954 

1149 ^765. 7?5 

l53 3P22.838 


i09 1566197. 
148 2442,3141 

a 5Z lo225 .f'2? 
^54 14402.986 


DATE 11-11-7H 
time 13-30-30 



RUN 

117, 

EVENT 235 




H202 

APU 

PCRFQPPANCr 

«• • 

READING 

BAROMETER 



DATA IN 

ENGINEERING 

UNITS 











RP66 

871.30 

RP67 

554.44 

0L6a 

13,75 DL69 13 

.76 SP5 

059 

.01 

5P7 

505. 

47 0N68 

32.23 

DM69 

23.03 

SP18 

123.70 

SP65 

34,00 

SP27 

541.77 SP50 503 

.17 SP62 

216 

.47 

$P6U 

0. 

78 SP66 

O.fll 

LPl 3025.00 

LP2 

98,27 

RT66 

515,55 

RT67 

534.72 ?T5 529 

.34 ST7 

695 

.57 

ST16 

575, 

56 ST17 

560,99 

ST10 

S07.76 

ST19 

573.86 

$727 

539.41 

ST31 

540.53 ST35 552 

.06 ST39 

569 

.95 

ST41 

554. 

08 ST45 

561 ,57 

ST47 1394.67 

ST51 

765.46 

$T56 

711.00 

ST 

57 

761.71 ST58 751 

.09 ST62 

1946 

.70 

ST65 

1430. 

ni S766 : 

1251,86 

ST04 627.16 

ST06 

596,62 

LT2 

556.33 

LT5 

520.70 LT6 555 

,07 SN8102598 

.30 

$019 

6. 

72 SC.63 

0,77 

SQ0S 

1.33 

LQ2 

71,02 

L05 

29.9? 














CALCULATIONS 














101 

4.958 

102 

3.250 

103 

9.655 

0.000 

104A 

192 

,7U 

105 

2.555 

106 • 


107 3.337 

160 

1 ,367 

100 

16,149 

109 


0.208 

111 

433 

.319 

112 

17.410 

113 

364,201 

114 221.176 

115 

201.285 

116 

175,409 

117 

51,051 110 

46.451 

119 

40 

,480 

1?0 

154.432 


0.000 

1218 0.569 


, 0,080 

121U 

20.461 

121E 

34,445 121F 

54.330 

122 

166 

.039 

1?3 

49,203 

124 ^ 

1.213 

125 3,745 

126 

0,346 

127 

4.611 

120 

0.004 129 

0,237 

130 

0 

.'91 

151 

0.539 

132 

0.500 

133 0.309 

134 

. 0,340 

135 

0.670 

136 

0,959 157 

0.205 

138 

0 

,045 

159 

0.715 

140 

10.622 

141 b5.119 

142 

191,472 

143 

263.507 

144 

297,099 145 

390.919 

146 

124 

.371 

147 

114.140 

14^ 3526.675 

149 3167,423 

150 

•104,317 

151 

-129.660 

152 


154 


155 

1930.534 

156 0202.406 

157 7909,096 

150 

103,699 

159 

4.119 

161 

0.146 










106 

20924. 




109 

1741994 , 










145 

390,919 



140 

3526.675 










149 

3167,423 



152 

28954.608 










153 

6793,593 



154 

22161.096 











PSIA 


PSIA 


PSTA 


195 


SPIA 

LP2 

S719 

ST51 

ST66 

L02 


101 

160 

11) 

126 

134 

142 

150 

156 

106 

145 

149 

153 


PP66 

SP16 

LP2 

ST19 

ST51 

STB6 

LQ2 


101 

160 

115 

126 

134 

142 

150 

156 

106 

145 

149 

153 


PT66 

spia 

tP2 

ST19 

^T51 

?T96 

LQ2 


1 01 
160 
115 

126 

134 

142 

150 

156 

106 

145 

149 

153 


DATE 

tine 


ll-H-74 

15-32*31 


RUN 117. event 241 
H202 APU PERFORMANCE 


READING 241 
BAROMETER 13,44 PSM 


DATA IN ENGINEERING 

668.69 RP6T 357.54 

UNITS 

DL6B 

13,75 

0L69 

13,76 

SP5 

635.16 

SP7 

498,96 

0M6B 

62.26 

nii69 

62.20 

114.07 

SP63 

59,55 

SP27 

520.78 

SP6B 

443,71 

SP62 

349.16 

SF64 

1,64 

SP66 

0.06 

LPl 

3595,05 

70.06 

RT66 

517,65 

RT67 

532.54 

FT5 

525,96 

ST7 

691.50 

STlb 

566.26 

ST17 

•>62.07 

STia 

604.70 

577,42 

ST27 

537.33 

ST31 

537.69 

ST35 

549,11 

ST39 

567,39 

ST41 

551 . 17 

ST45 

560.99 

ST47 

1363.72 

763,42 

ST56 

705,26 

ST57 

760,09 

ST56 

750.36 

ST62 

1946.38 

ST65 

1406.54 

ST66 

1220,97 

ST64 

633.83 

605,42 

LT2 

575,22 

LT5 

528.75 

LT6 

572.90 

SN8162535.36 

SQ19 

5.48 

Sl63 

0,76 

S085 

1 .49 

129.52 

LOS 

29,97 












CALCULATIONS 


7,757 

102 

5.007 

103 

C.645 


0.000 

104A 

1.368 

106 

24,034 

109 


110 

12.765 

111 

336.032 

116 

261.307 

117 

46.660 

1 1 P 

45.746 

119 

0,000 

1210 

32.264 

121E 

67,201 

121F 

66.969 

122 

0,444 

127 

7,3X3 

128 

0.001 

129 

0,257 

130 

0,260 

135 

0,709 

136 

0,970 

137 

0.221 

13B 

296,807 

l43 

416,313 

l44 

475.047 

145 

625.484 

146 

.263,765 

151 

-196,912 

152 


153 


154 

105.371 

159 

5,565 

161 

0 • ! 44 




32236. 



109 

1910141 . 





3?7,556 
736. »97 
30.071 
270,831 
0.384 
0.041 
250.129 


105 

112 

120 

123 

ni 

139 

147 

155 


2.336 
10.751 
266,379 
39,744 
0.539 
0,706 
222,1 U9 
1912,752 


10b 

113 

124 

132 

140 

148 


445,230 

0.000 

1.906 

0.326 

9.346 

5477.648 


107 

114 

1210 

125 

133 

141 


156 6319.210 


3.317 
359,820 
10,475 
5,648 

0 , 490 
90,425 
149 5206,337 
157 7695.145 


625.484 


146 

5477,646 







5208,337 


152 

44792.417 







11035.271 


154 

33757,149 











RUN 118. EVENT 251 










••• H202 APU PERFORHANrr 

• • • 





DATE U-11- 

74 







READING 

time 14-19- 

19 







BAROMETER 1 

data in 

engineering units 








664 .06 

RP67 

545,94 DL68 

7,60 0L69 5.72 SPS 

865.42 SP7 

522.49 DH6d 

7.60 

0H69 

6.09 


96.24 

SP63 

9.73 SP27 

540.97 SP56 525.67 SP62 

105.96 SP 64 

-9.65 SP66 

-11.31 

LPl 3640.06 


66,32 

RT66 

516.55 RT67 

540,77 .STS 535,41 ST? 

665.54 ST16 

563.73 ST17 

561,04 

STia 

56S.13 


575.22 

ST27 

545,55 ST31 

546,00 ST35 556,69 ST39 

576.46 ST41 

■59,51 ST45 

561.60 

ST4T 1293.66 


766.46 

ST56 

723.74 ST57 

762.51 ST56 751.19 ST62 

1940.26 ST 65 

1343,71 ST66 

1X00.97 

ST84 

620,68 


590,55 

LT2 

540.49 

LT5 

530.77 LT6 546.06 SfJ8l62740 , 1 3 S019 

4.61 SC63 

0,77 

SG65 

1.22 


29,17 

L05 

31.32 









calculations 










2,422 

102 

1 .60S 

103 

0.663 0,000 

104A 93,657 

105 2.5ts2 

10b • 


107 

3.354 

1.366 

106 

33.269 

109 


111 246.267 

112 16,42'' 

113 

302.150 

II 4 

126.443 

1C 0,766 

116 

104.650 

117 

51,51b hr 40.914 

119 42,491 

120 63.845 


0.000 

1218 

7,109 

0.000 

12lO 

32.765 

121E 

5.225 121F 20.901 

122 97.541 

123 35.472 

124 

0.677 

125 

1 , 745 

0.224 

127 

2.196 

126 

0,002 129 0.193 

13q 0,416 

l3l 0.553 

132 

0,672 

133 

0,374 

0,531 

135 

0.652 

136 

0.935 137 0,310 

136 0.049 

139 0,572 

140 

3.663 

141 

33.604 

102.968 

143 

136,789 

144 

144.247 145 200,467 

146 17.794 

147 19.7HA 

14tt 1729.042 

149 2096,683 

-96 , 045 

I5l 

-50.222 

152 


154 9471,917 

X55 1444.9^4 

156 8675.100 

157 7920. 9kr 

109.520 

159 

3.113 

161 

0.138 







10352 . 



109 

2016279, 







200.467 


146 

1729,042 







2098,663 


152 

13473.175 







4001,259 


154 

9471,917 








251 


Date 11-11-74 
TJME 14-21- 0 


RJN 118. EVENT 255 
H202 APU PrflFnHMANCf 


READING 

BAROMETER 


255 

13.44 PSIA 


data T'I LNGIf.Er.KlNG UNJIS 


8b2,07 HP67 
95,84 SP63 
76.23 l<Tb6 
572,50 sT27 
767.93 sT56 
597,65 lT2 
67.17 LC(5 


544,63 DL6B 
23.61 SP27 
51C.49 RTfa? 
542.17 ST31 
712.32 ST57 
55e.,45 lT5 
31.17 


13.75 HLK9 
535.75 5P58 
537.61 STS 
543.27 ST35 
760,09 ST58 
530.71 L T6 


13.76 SP5 855,40 5P7 

505.87 SP 62 18P.66 SP 64 

533.87 ST7 691,61 STlf 
^53.65 ST39 570.51 ST41 
750,17 ST62 1949.58 ST 6 « 1372.54 ST 66 1169,14 ST84 
556.50 Srj 8 lf ?56t , 86 SQ19 4.72 SC 8 J 3.78 SQ65 


512.35 0H66 24.06 0H69 

.7,65 SPbfc -10,00 LPl 
576,66 ST17 562.70 STlO 
555. ?4 ST45 563,54 ST47 


17.84 

3782.09 

508.10 

1337.68 

628.03 

1.34 


C ALCULAT ICMb 


4 ,259 
1 .367 
192.066 
n.ooo 

r .316 
0.363 

151,017 
147,068 
lOf . 003 


102 

lOB 

lib 

1210 

127 

135 

143 

I5i 

159 


16C21 , 
306 . t u6 
2793 , I 94 
6706,541 


2,799 
36.154 
171 .878 
28,319 
3,942 
0.654 
2 lfi . 008 
-106.109 

4 , 063 


103 

109 

117 

-21E 

128 

136 

144 

152 

161 


n.657 

48,385 
20,690 
0,004 
LI. 956 
237.769 

J.143 


iir 

119 

121P 

12 ** 

137 

145 

153 


1C9 2051229, 
148 2977. ?35 

152 24742.047 

154 18435. 5C7 


0.000 

7.056 

43,777 

48.527 

0.232 

0.226 

306,106 

6706.541 


1 04A 
1 II 
119 
122 
130 
136 
146 
154 


163.603 

438.775 

39.172 

163,395 

0,366 

0,043 

116,446 


1P5 

112 

120 

123 

151 

139 

147 

155 


2.306 
17.403 
145,239 
34.639 
0.560 
0.696 
111.460 
1932. 5h5 


106 

113 


360.529 
0.000 
1,102 
0.486 
15,682 
148 297T.235 
156 8385.051 


124 

132 

140 


107 

114 

121B 

125 

1S3 

141 


S.340 
211.922 
8.483 
S.157 
0.455 
57.248 
149 2793.194 
157 7910.194 


196 



datc 

TI«t 


11 - 11 *74 
lu- 23-15 


RUN 118 . EVENT 260 
H 202 flPU PFRFORMftNCr ••• 


READING 

BAROMETER 


2G0 
IS. 44 


PP6& 

CATfi If 
961,27 

. EN&lNETKir.G 

kP67 947,74 

u:Jl TS 
DL6a 

13.79 

DL69 

13.76 

SP9 

932,76 

SP7 

499,76 

0h6B 

77.10 

0H69 

97.96 

Sf 18 

IDI .99 

SP63 

50,03 

SP?7 

514.09 

sr5B 

440.20 

fP62 

333. 9P 

SP64 

-3.66 

SP66 

-6.76 

LPl 

3629.06 

LP2 

be . 7f 

PTb6 

520.95 

RT6 1 

534 , OR 

ST9 

929,46 

ST7 

695.47 

STI6 

990.61 

ST17 

963,39 

ST16 

604.98 

ST19 

972 . OM 

bTi 1 

93a. 76 

ST31 

539,94 

ST59 

990.75 

STS9 

969.64 

ST41 

995.49 

ST49 

963.31 

ST47 

1364.72 

5T91 

7bl . 69 

ST96 

707.76 

STS7 

799,06 

ST^B 

749.67 

ST62 

1943. IP 

ST65 

1594.61 

5T66 

1192.73 

ST94 

635,99 

ST 96 

6C6.96 

LT2 

579.44 

LT5 

530.77 

1 T6 

*74,60 

SNE162991.13 

S019 

9.11 

S093 

0.61 

S089 

1.50 

L02 

129,67 

LG* 

31.27 















CALCULATIONS 













101 

7 , 49« 

102 

4.626 

103 

C . 6H 

0.000 

104A 

327,92? 

105 2.244 

106 

m 


107 

3.324 

160 

1 . 369 

108 

36.263 

109 


12.264 

111 

763,25? 

11? 19,0?7 

113 


455,976 

114 

358.086 

115 

33P . 691 

Il6 

290,208 

117 

46.940 UP 

44.369 

119 

39.022 

120 270.040 



0,000 

121B 

10,728 


0.000 

1210 

30.165 

I^IE 

59,171 121F 

76.608 

122 

279,479 

123 37.077 

124 


1.643 

125 

5.595 

126 

0.346 

127 

7.C52 

126 

3.005 1?4 

0,242 

130 

0,375 

131 0.529 

132 


0.330 

133 

0.496 

1 34 

r ,2b9 

135 

0,7 32 

136 

0.475 137 

0,233 

138 

0,041 

159 0.722 

140 


29.526 

141 

73.186 

142 

2bB,7?9 

143 

376.520 

144 

446, 2*0 145 

576.4X1 

146 

245,653 

147 234,570 

146 

5152.579 

149 

5103,372 

150 

-245.117 

151 

-192 , ?99 

152 



154 


155 1917,6i7 

156 

8295.661 

157 

7898,113 

15B 

105.093 

159 

5,656 

l6l 

0.145 










106 

51072. 



109 

2053620, 










145 

*76.411 


148 

5152,579 










149 

5105,372 


152 

43J16. 157 










153 

11431,622 


154 

31564 ,*39 
















RUN 

120. EVENT 27C 












• •• . 

H202 APU PERFORRANCr 








DATE ll 

-25-74 










RC80IN6 2‘ 


time 13 

-42- 

0 










BAROMETER 13 


data in 

CNGINEEHING UNITS 











RP66 

974.11 RP67 

551,33 DL68 

3,07 0L69 5 

.13 SP5 

682 

.86 SP7 

516.43 DH6B 

4,97 

0H69 

5.36 


spie 

110.49 SP63 

7.69 SP27 552,74 SP*8 935 

.47 SP62 

97 

.65 SP64 

0.19 SP66 

0.00 

LPl 3789.09 


LP2 

99.94 RT66 

513.62 RT67 544,69 5T5 349 

.70 ST7 

620 

.69 ST16 

533.07 ST17 

563.22 

ST 18 687.30 


5T19 

666.09 ST27 

498.37 ST31 501.65 ST35 *63 

•33 ST39 

670 

.96 ST41 

568,65 ST45 

554.36 

ST47 1353.10 


ST51 

792.90 ST96 

742.20 ST57 788,30 ST58 751 

,49 ST62 

1949 

.58 ST65 

1445.01 ST66 1110.04 

ST84 603.32 


ST66 

579,51 

LT2 

642.80 LT5 530,95 LT6 535 

•02 SNS162692 

.88 SQ19 

10.43 soas 

0,77 

sees 

1,17 


L02 

19.77 

L09 

-0.12 













CALCULATIONS 













10 1 

2,296 

102 

1.012 

103 

0 ,4if n 

0.000 

1 04A 

52.24? 

105 3.600 

106 

6519.555 

107 

2,905 

160 

1.363 

108 

8.171 

109 


3.309 

111 

160.925 

117 15.985 

113 


184,421 

114 

99,179 

115 

56,561 

lU 

20.522 

117 

60.392 lie 

35.160 

119 

12.752 

120 22.521 



0.000 

1216 

4.339 


0.000 

1210 

46,936 

121C 

40.39P i2ir 

92,995 

122 

16,183 

123 72,804 

124 


0.684 

125 

1.611 

126 

0,191 

127 

2,104 

126 

c.on 129 

0.171 

130 

0.482 

131 0.4A6 

132 


0.842 

133 

0.184 

134 

0.616 

135 

0.542 

136 

0,696 137 

0.376 

138 

0.063 

159 0.619 

140 


25.414 

141 

33.755 

142 

626.421 

143 

651,097 

144 

692.039 145 

879,891 

146 

-263.79B 

147 -213.480 

146 

1906.600 

149 

2732,057 

150 

-295.892 

151 

-71.953 

152 

8989. bOB 153 

-4,245 

154 

8993. P54 

155 1563.327 

156 

9826.096 

157 

7594.065 

156 

124,418 

159 

1.650 

161 

0.13C 










106 

6519. 



109 

1604638. 










145 

879,891 


146 

1906.600 










149 

2’32.Q57 


152 

8989.606 










153 

-4,?i*5 


154 

8993.854 











DATE 

time 


11-2^-74 

13-43-49 


RON 120 . EVENT 276 
•«« H2Q2 APU PERFORMANCr 


READING 

OARORETER 


27*; 

13.39 



DATA IN CNGINEEKING UNITS 









RP66 

871.90 RP67 

551.66 DL66 

13,75 DL89 15,39 SP5 

911 

,51 SP7 

500.40 Dh68 

17.67 

DH69 

13.82 


SP18 

122.36 SP63 

21.11 SP27 

546,99 SP56 521,82 SP6? 

164 

.66 SP64 

0.48 SP66 

0.00 

LPl 3787,09 


LP2 

99,57 RT66 

516,2) RT67 

537.61 STS 531.12 ST7 

652 

.61 ST16 

550.85 ST17 

541.50 

STl6 

704,97 


ST19 

659.12 ST27 

375.25 ST31 

360.39 ST55 511.99 ST39 

64 8 

.07 ST41 

*26,74 ST4* 

536.72 

ST47 1391,09 


S751 

793.51 ST56 

730,17 ST57 

789.20 ST56 750,17 4T62 

1948 

,94 ST65 

1436,74 ST6t» 

1202.37 

ST84 ( 

615.76 


ST86 

586.58 LT2 

675.21 1 

LT5 

529.66 LT6 *33.43 SnB16?503 

.86 Sfil9 

10.43 S063 

0.69 

S085 

1.08 


L92 

41.62 LB5 

-0.12 











CALCULATIONS 











101 

3,795 102 

2.427 

103 

0.641' 0.000' 1 

04A 

123.12* 

105 3.027 


107 

3.308 

160 

1.368 108 

12.828 

i09 


111 

3)1,246 

112 14,774 

113 

366.445 

114 

166.689 

115 

131,795 U6 

49.658 

117 

53.424 lia 42,344 

119 

15.954 

120 99.552 


0.000 

1218 

6.669 


0.000 1210 

43.563 

121E 

90.606 121F 125.700 

122 

40,989 

123 71.451 

124 

1.137 

125 

2,647 

126 

0.257 127 

3.528 

128 

0.012 129 0,151 

130 

0,491 

131 0.453 

132 

■ 0.705 

133 

0,237 

134 

0.414 135 

0.395 

136 

0.947 137 0.262 

136 

0,065 

139 0.701 

140 

63.408 

141 

57,039 

142 

1681,068 143 

1558,744 

144 

1745.756 145 2089,200 

196 

126, fl9 

147 62.376 

148 3336,796 

149 

3203.619 

150 

-517, 05C 151 

-207,208 

152 


154 


1*5 190*. 378 

156 8392.799 

157 

7889,107 

158 

106,364 159 

4,204 

161 

0,143 








106 

15629. 


109 

1653153. 








195 

2069.200 


198 

3366,796 








149 

3203,819 


152 

16201.547 








153 

.3.697 


154 

16205.248 









PS I A 


PSXA 


PSl A 


197 



date: 

time 


11-26-74 

15-52-26 


RUN 122, EVENT JOS 
H202 APU PERF’ORMANCr 


READING 

BAROMETER 


3C1R 

13.5ft PSIA 



Data in engineering 

UNITS 



RP66 

072.50 

RPbT 

556.24 

0L66 

-13,75 

DL69 

SPI0 

118.76 

SP63 

55.99 

SP27 

511.02 

SP58 

LP2 

01.36 

RT66 

513.20 

RT67 

531.01 

ST5 

ST19 

622.31 

ST27 

213.53 

ST3i 

3ab.33 

ST35 

ST51 

964,59 

ST56 

325.47 

ST57 

746.04 

$T5ft 

ST06 

595,1ft 

L72 

675.69 

LT5 

529,58 

LT6 

L02 

129.37 

LOS 

15.72 





-15.76 
441, M 1 
521,97 


SP5 

SP62 

STT 


467, A4 ST59 


031.56 SP7 
547.7ft SP64 
503,4? ST16 
562,99 ST4l 


750.ftfl ST6? 194?, 2? ST6« 1406.40 ST6#; 
504,51 SNdlA?472.5ft soil 9 


DH60 

64.41 

DH69 

64.64 

SP66 

0.04 

LPl 

3656.07 

ST17 

530.19 

sTie 

703.39 

ST45 

503.54 

ST47 

1316.23 

ST6#; 

966. 1<4 

ST04 

619.42 

SQB3 

0.54 

SOB5 

1.00 


CALCULATIONS 


101 

7.060 

102 

5,090 

103 

0,646 

160 

1.360 

106 

24,247 

109 

115 

335.079 

116 

237.640 

117 

40,493 


0,000 

1210 

37,299 

121E 

106,927 

126 

2,672 

127 

5.215 

120 

0,230 

134 

0.101 

135 

0.435 

136 

0,900 

142. 

2171.260 

143 

2009.560 

144 

2526.982 

150 

78.436 

151 

-270,206 

152 


15B 

103.125 

159 

4.907 

161 

0.147 


110 

lift 

UIP 

129 

157 

145 

155 


0,000 

12,906 

44 , 703 
135.537 
Q.R50 

0*463 
3J 33,456 
7205,457 


104A 

111 

119 

122 

130 

l3d 

146 

154 


327.189 
751.343 
51 ,620 
220.951 
0.461 

-0 ,no6 

430.505 


1 05 
112 
120 
125 
131 
139 
147 
155 


2.361 

12.064 

269,ft?3 

62.330 

0.429 

0,425 

225.596 
1914 . 734 


10b 

Hi 

124 

152 

140 

14ft 


369.304 

O.POO 

4.475 

0.403 

4341,322 


15b fll4M.l97 


107 

114 

121B 

125 

133 

141 

149 

157 


3,319 

364 , 4B9 
0.669 
3. 4 I 3 

0,344 

5053.250 

7897.302 


106 32B24, 

145 3133,456 

149 11760.102 

153 7203.457 

'/ EVI") 20 f^EB 


DATE 

time 


12 * 

14* 


75 14.«*3l HRS 


4-74 

16-30 


109 1909172, 
140 12646.479 

34765,149 
27561,696 


152 

154 


HJN 131. EVENT 315 

H202 APU PERFORMANCr 


READING 

BAROMETER 


il5 

13.26 PSU 


DATA IM ENGINEERING UNITS 
RP66 079.33 RP67 55d.2fl 
SPia 69,11 SP63 2.51 
LP2 75,99 rT 66 4ftb,20 
ST19 657,25 ST27 463.35 
5T51 770.04 ST56 731.26 

ST06 567.16 UT2 624.02 
LQ2 13.97 LQ5 15.72 


UNITS 






OL68 

4, 

.07 

DL69 

3, 

.00 

SP2 7 

558, 

.63 

SP5B 

530, 

.05 

RT67 

517, 

.41 

ST5 

513, 

.92 

ST31 

466 , 

► 50 

ST35 

562, 

.99 

ST57 

766, 

.24 

ST 56 

752, 

.30 

LT5 

525, 

. 49 

LT6 

527, 

.21 


SP5 


ST7 


662.46 SP7 
73.75 SP64 
50P.45 5716 
061,63 ST41 


519.05 UH6ft 
•10.05 SP66 
535.25 5T17 
567.61 ST45 


752.30 ST6? 1955,34 ST6*^ 1293.B0 ST66 


527,21 SNei6?755«6ft SC19 


6.72 SQfi3 


3.89 DH69 3.29 
-11,10 LPl 3626.00 
540,24 STlft 679,19 
543.93 ST 47 1193.62 
932.59 ST04 590.33 
0.71 S085 1,05 


101 

160 

115 

126 

134 

142 

150 

l5ft 

106 

145 

149 

155 


CALCULA 
I.B32 
1 . 367 
53,013 
0.000 
0,179 
0.6B9 
595,356 
-89,399 
105.9^5 


TIONS 

102 

106 

116 

1210 

127 

135 

143 

151 

159 


7764. 

041.196 

2352.569 

226.176 


1.205 103 

27.11B 109 

29.164 117 

55.629 121E 
1.653 120 

0.436 
569,501 
-21,573 
1,710 


n ,65ft 


50,23? 
33.153 
0,010 
0.066 
617,082 
152 6253,571 
161 D.143 


136 

1 44 



0, 

.900 

104A 

40, 

,709 

1 05 

3. 

.74? 

110 

3. 

.336 

111 

179, 

,79ft 

11? 

14. 

.62 3 

lift 

29, 

.405 

119 

13, 

,439 

120 

19. 

,0ft] 

121F 

04, 

.470 

122 

19, 

.869 

123 

61 . 

.490 

129 

0, 

, 126 

130 

0, 

,494 

131 

0, 

,481 

137 

0. 

.481 

136 

0, 

, 055 

139 

0, 

,299 

14-S 

941 , 

.196 

146 

-145. 

,355 

147 

-96. 

>^2n 

155 

226, 

,176 

1=^4 

6032. 

, 395 

155 

1936. 

, 4U4 


109 19S2B96, 
140 1442. C63 

152 6256.571 

154 6032.595 


106 

113 

124 

132 

140 

143 


7764,061 
lfta.93ft 
0.000 
0.637 
0.64A 
19.56ft 
1442.063 
iSt, 8307.576 


107 

114 

121U 

125 

135 

141 


3,342 
104,339 
4,304 
I ,194 

o.iae 

24,312 
149 2352,569 
157 7916,099 


DATE 

ti»^l 


12- 6-74 
14-57-30 


-RJN 136. EVENT 336 
H2C2 API) PrRFORMANCr *»• 


READING 

BAROMETER 


336 

13.46 PSIA 


data tn ENr.ifiEE.a ng uniks 


RP66 

685.34 RPb7 

557,54 DL6a 

spie 

03,41 SP63 

2.15 $027 

LP2 

76,11 RT66 

493.09 RT67 

ST19 

653.76 sT27 

417, 2H ST31 

ST51 

764.70 sTbft 

73.:. 41 ST57 

ST86 

577,93 LT? 

609.44 

LTb 

L32 

13.97 L&5 

13.07 



CALCULATIONS 



101 

i.ftie 102 

1,167 

i03 

160 

1.36ft 10(i 

«:0.H69 

109 

115 

50.376 lift 

24,550 

117 


0.000 1210 

57,155 

121E 

126 

0,120 127 

2.690 

l28 

134 

P .777 135 

0.319 

136 

142 

749,093 1H3 

705.122 

i44 

150 

-tt7.596 I5l 

- il .513 

15? 

158 

111.426 159 

2,095 

161 

106 

7519. 


109 

145 

P09.699 


140 

149 

1634 .979 


152 

153 

32.439 


154 


3,R6 0L69 
5B2.34 sn5R 
533,43 STS 
4?l.?ft ST35 
762.41 ST56 
525.90 


0,64? 


3.13 SP5 
5Sfl.9B SP62 
520.93 ST7 
543.05 ST39 


001.45 SP7 
76.15 SP64 
633.36 ST16 
661.64 ST41 


520.06 Dh 68 
-10.36 SP66 
544.45 ST17 
548.47 S745 


740,65 ST6? 1964.6? ST65 1519.56 STbfa 1035,96 $704 


L T6 426.20 SKft16277l,f3 S»ai9 


6.39 SCB3 


4.02 DH69 3.04 
-11.54 LPl 3005.00 
545.74 sue 666.57 
545.35 ST 47 1255.20 
603.93 
1.04 


0.71 5005 


55,88? 
32.292 
O.OIl 
0,914 
736,111 
&7Q4 , 09(3 
0,137 


iin 

lift 

i2ir 

l?9 

137 

145 

153 


// C'lr 20 FEb 75 13,984 HRS 


1309,379 
6704 , 090 
6671 ,65C 


O.OOO 

1 04A 

43.909 

IP 5 

4 .Obi 

106 

7519.049 

107 

3,310 

2.98b 

111 

lA0.ft39 

112 

14.569 

113 

274.043 

119 

101,045 

27.056 

119 

13,574 

120 

13,916 


0,000 

121B 

4,944 

02,961 

122 

10.063 

123 

45.494 

124 

0,543 

125 

1,255 

0,092 

130 

0,506 

131 

0,471 

132 

0,014 

133 

0,239 

0,366 

130 

0,056 

IS9 

0.465 

140 

29.704 

191 

19,520 

989,699 

146 

-19,025 

147 

.0.253 

140 

1309,379 

199 

1034,979 

32.439 

J54 

6671 ,050 

155 

1905.350 

156 

0706,177 

157 

7004,994 


198 



DATE 12*16*74 
TIME 13-42-50 


BUh 1 A 4 . EVENT MU 

H202 APU PERFORMANCP ••• 


RCAOINC ST4 
BARQRCTCR 15.A2 


RP66 

SP16 

LP2 

ST19 

S131 

STd6 

L02 


DATA IN ENCINEERING 
872.30 RP67 557,71 
115.83 SP63 3.91 
01.84 fitbt 501.77 
072.67 ST27 413.70 
705.40 sT 56 716.41 
563.50 LT2 646.52 
22.17 Lfi5 14,77 


UNITS 

Dt68 5.87 
SP27 551.14 
RT67 532.07 
ST31 419,72 
ST57 702.11 
LTb 526,20 


0L69 

4.31 

SP58 

538.58 

ST5 

525,59 

5T35 

*^47,71 

ST50 

749.67 

LT0 

526.91 


SP5 872.24 
SP62 83,85 
ST7 648.74 
ST34 670. 2A 
ST62 1954,36 
SN8162645.6S 


SP7 520.04 
SP44 -9.68 
ST16 549.11 
ST41 555.29 
ST65 1331. R7 
S019 10,43 


DH6B 

5,04 

SP66 

-10,90 

STIT 

551.54 

ST45 

550,98 

ST00 

1080.53 

SQ83 

0.74 


DH49 4.42 

tPl 3744.08 
ST18 494.54 
ST47 1273.10 
ST84 609.50 
SQ85 1.11 



Cfil CULATlONS 

101 

2.140 

102 

160 

1.366 

106 

115 

59.050 

116 


0,000 

1210 

126 

0.152 

127 

134' 

. 0.697 

135 

142 

926.507 

143 

150 

-93.242 

151 

158 

111,272 

159 


1.424 

103 

0.665 


0.000 

104A 

52,242 

105 

4.094 

28 ■ 008 

l09 


HP 

3.565 

111 

212.442 

11? 

15.508 

30.974 

117 

54,269 

118 

27,786 

119 

14,580 

120 

47.639 

02.018 

121C 

34.844 

I2ir 

90.6T4 

122 

.24,186 

125 

72.649 

1,988 

128 

0.017 

129 

0.133 

130 

0,498 

131 

0.471 

0,393 

136 

0.924 

137 

0.3?1 

138 

0,052 

139 

0.521 

885 a 030 

144 

940.003 

145 

995.593 

146 

-30.965 

147 

-16,597 

-42.164 

152 

8296.917 

155 

67.920 

154 

8208.998 

155 

1945,937 

3.089 

161 

0.136 








104 9149.314 
113 288.485 

0,000 

124 0.435 

132 0,075 

140 43.742 

148 1599.915 
156 6812.535 


107 3.357 

114 114,841 

121B 6,787 

125 1>504 

133 0,147 

141 25,091 

149 1919.087 
157 7919.748 


100 9169. 

145 995.593 

l*i9 1919.007 

153 87.920 


OftTC 12-10-74 
T1*'E 13-45- 0 


109 1960438. 

148 1599,913 

152 8290,017 

154 8208,996 

RUN 144. EVENT 378 

• •• H202 APU PER^^ORMr.NCr ••• 


reading STB 
BAROMETER 13.42 


RP00 

SP18 

LP2 

5T19 

ST51 

ST36 

LS2 


101 

160 

115 

126 

134 

142 

150 

156 


DATA ENClNEEHINr, UNITS 

870. 7f. RPb7 55c. 69 CL0b 


120,44 SP63 
90,00 KTb6 
076.33 ST27 
7fa5.40 ST56 
591 LT2 

29.72 LiA5 


12,05 SP27 
501.52 RT07 
317,97 ST31 
•713.53 ST57 
675,64 LTb 
14,22 


10.22 
547.79 
530, ?4 
305.H7 
761. fiO 
520. fiQ 


DL09 

sn54 

STS 

S735 

STsn 

LT6 


C ALCULAT 
? .670 
1 .307 
1C2.6^4 
0.000 
0.246 
0.469 
1 79r ,979 
-12^.007 
1 10.25b 


IONS 

102 

116 

116 

121C 

127 

135 


1 . bbC 
32.95C 
51 .079 
51 . 766 
?.b23 
0.299 
143 1613.308 
101 -73,571 

1*^9 3.099 


103 

i09 

il7 

121E 

126 

136 

144 

152 

161 


r, ,055 

5ii , 38** 
59.269 
-0.027 
0,943 


1 1 ' 
119 
121C 
129 
137 
145 
153 


N7l 

SP5 

868. 

63 

SP7 

501,1 

1,98 

SP62 

127, 

96 

SP64 

-9, 

>.02 

ST7 

688. 

04 

ST10 

568. 

S.2B 

ST39 

673. 

72 

ST41 

508, 

? .66 

ST62 

1955. 

0? 

ST65 

1362. 

b.60 

SNB10259A , 

38 

SOI** 

in. 

0 

. noo 

1 04A 

9 4 

. 959 

L05 

4 

. 750 

111 

291 

.020 

112 

35 

,201 

119 

17 

.515 

IPO 

103 

.34 1 

122 

43 

.304 

123 

0 

.116 

130 

0 

,509 

131 

0 

.279 

138 

0 

.051 

139 

1777 

.164 

146 

270 

,469 

147 

84 

.047 

154 < 


9* 

155 


55 ST45 


1C. 23 DH69 
-10.93 LPl 
550,38 STia 
534.46 ST47 
U31.52 ST84 
0.67 S085 


8.27 

3767.06 

715.21 

1315.56 

619,42 

1.04 


3.001 

14.158 

63.768 

71.434 

0,449 

0.690 

113.703 


••••••• 107 

327.037 114 

0.000 1218 
0.843 125 

0.813 
140 -113,180 
148 2288,749 
156 8715.712 


106 

113 


124 

132 


3.334 
146.726 
7,694 
2.026 
0.175 
44,788 
149 2362.473 
157 7904,787 


133 

141 


J.138 


100 121U0, 

145 1777, IbM 

149 23b2,‘<73 

l53 64.047 


109 2025736. 
146 2268.749 

152 110?5,155 

l54 11 54 0, •'0 7 


DATE 12-16-74 
time 13-49-31 



RUN 

144, EVENT 386 



• 9 * 

H202 

APU PERPORMANCr 

999 

READING 




- 

0AROMCTER 



DATA ir 

RP66 

668.89 

SP18 

118.94 

UP2 

62.98 

SU9 

675.05 

ST51 

844,07 

ST86 

601,22 

LQ2 

71 .67 


I ENGINEERING 
rP67 559.01 
SP43 3C.3B 
RT66 500.91 
ST27 224.49 
ST56 284.04 
UT2 705,18 
t05 14.37 


UNITS 

OL6B 13.75 
SP27 540,30 
RT67 527.92 
ST31 311.36 
ST57 730.10 
LTS 526.32 


DL09 13.76 
SP5S 511,82 
STS 517,19 
ST35 466.38 
ST58 747.33 
LT6 554,31 


SP5 857,01 
SP62 227,67 
ST7 700.26 
ST39 644.15 
ST62 1957.90 
SN8162488.13 


SP7 497,36 
SP64 -6.83 
SI16 590.33 
ST41 491.48 
ST65 1394.67 
S019 10.43 


Jh6B 32.49 
SP66 -9.04 
STIT 547,36 
ST45 519,73 
ST60 1091.21 
SD83 0,63 


DH69 

24.34 

LPl 

3708,06 

ST18 

738.19 

STuT 

1356.00 

ST64 

626.56 

S085 

1.07 


CALCULATIONS 
101 5.062 102 

160 1.367 106 

115 203.505 116 

0,000 1210 

126 1,050 127 

134 0,285 

142 2605,608 
150 305.411 

IS6 106.822 


3,305 103 0,652 

36,604 109 ••■••••• 

159,942 117 46.945 

51,773 121E 52,813 

l26 0.140 

136 0.955 

144 3048,249 
152 

161 0.143 


4,032 
0.434 
143 2616.015 
151 -145,226 
159 4,957 


110 

116 

121P 

124 

137 

14« 

153 


0,000 

104A 

8.368 

111 

38,622 

119 

95,336 

122 

0.905 

130 

0.346 

138 

2805.156 

196 

3356.135 

154 


194.254 105 

524,201 112 

30,511 120 

150,691 125 

0,465 l3l 
.0,080 139 

481.187 147 

155 


2.584 

106 

14.081 

113 

151.592 


70,201 

124 

0,458 

132 

0,859 

140 

272.336 

148 

1922.315 

156 


•••••••• 107 3.332 

393.151 114 246.028 

0.000 121B 9.250 

1.963 125 3,099 

0.654 133 0,232 

1376.382 141 1956.561 

5715,872 149 5486,242 

8437,275 157 7898,404 


106 21279. 

145 2865.156 

149 5486,242 

155 3356,135 


109 2067181. 
148 5715.872 

152 22961,141 

154 19605,007 


PSIA 


PSI A 


PSIA 


199 


0*TE 12-16-?^' 

time 19>53.33 


RUN I4A, EVENT 3gi, 

M202 flPU PERFO«MftNCr ••• 


RCAOINO 

BAROMETCM 15,42 P5IA 


RP66 

SP18 

LP2 

ST19 

ST31 

ST86 

L02 


data in CNCINEERINS 
866.69 «P67 S62.12 

102.87 SP63 33, 7i 
60.90 RT66 900,24 
666.27 sT27 196.06 
909,99 ST96 291,82 
609.77 LT2 713.90 
130,37 L09 14.02 


UNITS 

DL68 

13.75 

DL69 

SP27 

520.24 

SP58 

RT67 

525.90 

ST5 

ST31 

345.54 

ST35 

ST57 

719.42 

ST56 

LT5 

526.62 

LT6 


13.76 

SP5 

034.76 

SP7 

404 « 39 

458.17 

^P62 

360,28 

SP64 

-3.74 

514.77 

ST7 

691.91 

5T16 

601,56 

465.48 

ST39 

606.36 

ST41 

493,40 

746.11 

ST62 

1957.90 

ST65 

1401.83 

502.77 

SNeiA2S77.80 

S019 

10.43 


OM60 

00,32 

SP6b 

-6.74 

ST17 

556.33 

ST45 

516,10 

ST66 

1047.09 

Sw83 

0.67 


0M69 99,26 

LPl 3979,04 
STl8 743.91 
ST47 1341,70 
5784 633,51 

5089 1,21 



CALCULATIONS 


101 

7.677 102 

5,033 

160 

1,367 108 

36,617 

115 

339,703 116 

250.313 


0.000 1210 

30,012 

126 

2.363 127 

5.314 

134 

0.209 135 

0.410 

142 

3072,287 143 

2913.075 

150 

717.375 151 

-213.990 

158 

106,996 159 

5.595 

106 

32404. 


145 

3499,822 


149 

9699.169 


153 

6569.289 



103 

n.655 


O.OOQ 

109 


110 

12.710 

117 

45.P45 

118 

42.340 

121C 

99.462 121F 

128,203 

120 

0.209 

129 

0.865 

136 

0.932 

137 

0,399 

144 

3641, 97S 

145 

3499.822 

152 


153 

6568.289 

161 

3,14C 



109 

2063003. 



146 

10511,667 



152 

35o76 .606 



154 

28510.318 




104A 

329.651 

ms 

2.313 

111 

802.314 

11? 

15,560 

119 

31,198 

120 

267.332 

122 

240.241 

1?S 

69,837 

130 

0.459 

131 

0.433 

138 

-0,130 

139 

0,065 

146 

586.284 

147 

319,185 

154 


1«5 

I9?5.796 


106 •••••••• 

113 428.058 

O.OQO 
129 3.698 

152 0,505 

140 3638.319 
146 •••«•••• 
156 8610.141 


107 

3, 

► 337 

114 

360< 

► 444 

121B 

10, 

► 071 

125 

4 , 

.018 

133 

0, 

.270 

141 

4976, 

,261 

149 

9699, 

169 

157 

7899. 

440 


date 12-17-74 
time 15-56-21 


RUN 1«^5. EVENT 40C 
H202 APU PEHFORMANCr «»• 


READING 400 

BAROMETER 13. 3** PSIA 


RP66 

SPIB 

LP2 

ST19 

ST91 

ST86 

L02 


data in engineering 
eei,93-RP67 953,46 

103,60 SP63 6.96 
72.66 RT66 901,40 
676,49 ST27 421,41 
765.46 ST56 723,48 
568,07 LT2 646,29 
22.47 LG5 14,17 


UNITS 



0L68 

6,16 

□ L69 

SP27 

548.19 

SP58 

9T67 

525,07 

STS 

ST31 

423.04 

ST35 

ST57 

763,62 

ST58 

LT5 

865,60 

LT6 


4,73 SP5 880,6 
535,74 SP62 96.75 
521.18 ST7 602.72 
551,54 ST39 68P,27 
750,17 ST62 1960.14 
529,41 Sn8162677. 3 


SP7 

517,02 

Dh66 

SP64 

-9,53 

SP6b 

ST16 

531,54 

ST17 

ST41 

559.03 

ST45 

576*^ 

1297.01 

ST66 

S019 

24,99 

SU03 


6.02 0H69 4,65 

-11,00 LPl 3760,08 
545.15 STi8 694,75 
542,64 ST47 1197,66 
950,26 ST84 591.33 
0.69 S085 1,04 



CALCULATIONS 

101 

2,250 

102 

160 

1.367 

108 

115 

82,631 

116 


0,000 

1210 

126 

0,090 

127 

134 

0,596 

133 

142 

977,463 

143 

150 

-105,943 

151 

158 

109.735 

159 


1.467 103 0.651 

26.877 109 «••*•••• 

-906,660 117 57,559 

50,690 121E 994,124 

2.152 128 0,004 

0.495 136 0.868 

949.493 144 1005,998 

•^8,714 152 

2.055 161 0.139 


0,000 
no 3,717 
119 36,935 

121F 1039,982 
129 0,122 

137 0.449 

145 2012,560 
153 •••»•••• 


104A 77,795 

111 2P3,71fl 

119 .405,267 

122 -911,493 
130 0.495 

136 0,055 

146 .123,636 
154 7619,061 


ins 2,8b7 
11? 14.426 
120 40.351 

123 173.903 
131 0.475 
139 0.336 
147 .86,358 
155 1923.637 


106 9446.393 
113 205.394 

0.000 

124 0.765 

132 0.9X2 

140 12.469 

146 1745,541 
156 8672.742 


107 

3 

,330 

114 

128 , 

.480 

1216 

4, 

.832 

125 

1 , 

.484 

133 

0 , 

.127 

14 1 

14, 

.459 

149 

27i0. 

,240 

157 

7903, 

318 


106 9446. 

145 2012.560 

149 2710,240 

153 -39744,488 


109 1985742. 
148 1745,541 

l52 -32125,421 
154 7ol9,0bl 


Date 12-17-74 
time 15-59-11 


RUN 145. event 406 
H202 APL PERFORMANCr *•« 


reading 

BAROMETER 


406 

13,34 PSIA 


RP66 

SP18 

LP2 

ST19 

<;t5i 

ST8b 

l02 


101 

160 

115 

126 
1 34 
142 
150 
158 

106 

145 

149 

153 


data in ENGir;CEKING 
877.92 RP67 552.97 
I0fl.l4 SP63 13.04 
70,58 «T66 499.67 

683.79 sT 27 315.44 
7b?, 66 sT56 714.21 
563.61 LT? 684.16 
29.42 LQ5 14.0? 


UNITS 

0L6ti 

10.44 

0L69 

SP27 

546,05 

SPSS 

PT67 

527.?? 

ST5 

ST3i 

335.93 

ST35 

ST57 

754.99 

ST50 

LTl. 

865.60 

LT6 


6, 

>00 

SP5 

073 

.64 

930, 

.33 

SP62 

131 

,06 

^21. 

.90 

ST? 

679 

.63 

495, 

>32 

ST 39 

604 

.65 

748, 

.35 

ST6? 

1959 

.50 

*^27. 

.33 

Sn616?519 

.63 


SP7 503.84 DM66 
SP64 -9.02 SP6b 
ST16 553.97 ST17 
ST41 510. AO ST45 
ST65 1354.86 ST6A 
S019 24,99 S085 


10.71 DM69 8.27 
-11,10 LPl 3727,08 
537,43 ST18 722,53 
530,17 ST47 1306.40 
119.09 ST84 610.87 
0.63 $085 0.95 


calculatilns 

2.953 m2 
1.367 IDS 
102.021 116 
D.OOO 1210 
0.161 127 

0.451 135 

1564,561 143 

-119.564 151 

109.017 159 


1,934 

33,418 

-878.766 

58,715 

2.772 

0.381 

1738,062 

-73.244 

3,788 


ins 3,659 
109 

117 51,153 

121E 968.560 

128 C.045 

136 0,941 

144 1080,920 
152 

l6l 0.15A 


0.000 
lie 4.868 
118 34,045 

121F 1C39.50S 
129 0,108 

137 0.265 

145 4233.040 
153 •»••••«• 


104A 

94.249 

111 

299.66? 

119 

-293.252 

122 

-686,538 

130 

0,457 

130 

0,048 

146 

192,413 

154 



ll>5 3,099 
112 13,214 
120 62.77? 
123 170,314 
I3l 0.498 
139 0.662 
1**7 96,627 
155 1934.706 


106 


107 

3.345 

113 

330.320 

114 

152.964 


0.000 

121B 

7,772 

124 

0,870 

125 

2,055 

132 

0,834 

133 

0,169 

140 

195.021 

141 

27,305 

148 

2374.610 

149 

2969,723 

156 

0685,075 

157 

7909,366 


12456. 

4233,040 

2469.723 

-39566.034 


109 2031065. 
198 2374,610 

*52 -27902,562 
154 11664.261 


20C 



DATE 12-17-74 
tike lb- 3-11 


RUN 

145. 

EVENT 412 




H202 

APU 

performancf 

• •• 

READING 

412 





8AR0MCTCR 

13.54 


DATA IM ENGiNECriING UMl TS 


PP6G 

B73.31 

RP67 

55t»,89 

DU6b 

13.75 

DL69 

13.76 

SP18 

110.74 

SP63 

31.13 

SP27 

536.02 

SP59 

506.66 

lP2 

74,69 

KT66 

499,56 

RT6r 

526. OB 

ST5 

*14.09 

ST19 

669,89 

ST27 

218. 5P 

ST31 

313.55 

STS5 

467 . 40 

ST5X 

6uO • 6A 

ST56 

284,04 

ST57 

731,43 

ST58 

747.94 

STBS 

594,04 

LT2 

71J.85 

LT^> 

B65.60 

L T6 

547,36 

L32 

70,52 

LOS 

14.12 






SP5 

861.82 

SP7 

504,05 

DH68 

31,45 

DH69 

24.26 

9P62 

235.97 

SP64 

-6,78 

SP66 

-9,se 

LPl 

S6aS«Q7 

ST7 

698,00 

ST16 

576, S5 

ST17 

540.07 

S718 

650.65 

ST39 

654,14 

ST4j 

492.10 

ST45 

516.10 

S747 

1352,43 

ST62 

1956.94 

ST65 

1390,42 

ST66 

1082.12 

ST84 

619,47 

SN016248A.13 

S019 

24,99 

SG03 

0,58 

S085 

0.98 


CALCULATIONS 


101 

5 , 

053 

102 

3. 

>266 

103 

r . 646 


0 

.000 

160 

1 . 

366 

IDb 

3ft, 

,003 

109 


110 

e 

. 319 

115 

2 on . 

191 

116 

-798, 

,150 

117 

4to.940 

lift 

30 

.006 


0, 

ooo i2in 

55. 

,350 

UlE 

1007. OOC 1 

21F 

1053 

.692 

126 

0. 

993 

127 

4, 

,059 

128 

0.152 

129 

0 

.894 

1 34 

0, 

264 

135 

0. 

,430 

i36 

0.956 

137 

0 

,352 

142 

?5R1 , 

941 

143 

2774 , 

,903 

144 

3199,459 

I4ft 



150 

292. 

054 

151 

-143. 

,61B 

152 


153 


• ••• 

156 

Ill . 

210 

159 

4 , 

,647 

161 

0,137 




106 

21030, 




109 

2004875. 




145 

- 199 

> 1.606 




140 

5711 .436 




149 

5*60.432 




152 

-10J94 .523 




153 

-37486.873 




154 

19394 , 346 





l04A 

191,53? 

105 

2.606 

106 


107 

3*319 

111 

525,624 

M2 

13.105 

113 

367.996 

114 

246*682 

119 

-151.64ft 

120 

146,266 


0.000 

121B 

8*658 

122 

-806.809 

123 

167.348 

124 

1.962 

125 

3.090 

ISO 

0.451 

m 

0.475 

132 

1.019 

133 

-0*105 

136 

-0,076 

139 

0.645 

140 

1502*785 

141 

1876.927 

146 

406 ,199 

147 

212.264 

148 

5711.436 

149 

5560.432 

154 


155 

1911.994 

156 

8775.877 

157 

7891.210 





RUN (47, EVENT 420 






• • • 

H202 A^U PERFORNANCf 




Date 

12-18-74 




READING 

420 

Tl»^E 

15-25- 0 




BAROMETER 

13.33 


data in CfjG incening units 


RP66 

867,09 

rtPb? 

549,06 

0L86 

5.«>7 

DL69 

4 

SP16 

lift ,90 

SP63 

5.40 

SP37 

550.47 

srsft 

5 36 

IP? 

09, >*5 

NT66 

502.30 

0167 

536.26 

5T5 

522 

ST 19 

6 6 3.39 

sT27 

353.2*. 

ST31 

357,96 

ST55 

SIC 

ST51 

763.93 

ST56 

715.7? 

STft? 

761*10 

STSft 

747 

ST 06 

579. on 

LT2 

659.09 

LT3 

065.60 

LT6 

526 

L02 

14,97 

L65 

15.17 






-40 

SP« 

871.43 

SP7 

526.34 

DH68 

6.23 

0H69 

4*88 

.41 

SP62 

95.05 

SP64 

-9,58 

SP66 

-10.88 

LPl 

3775*09 

.62 

ST7 

650.57 

ST16 

553.74 

SU7 

542.06 

ST18 

669*10 

.23 

5T39 

67C. 16 

ST41 

520.11 

ST45 

538.50 

ST47 

1315.56 

, 74 

ST62 

1955,66 

ST65 

1356.67 

ST66 

1119.09 

STB4 

604.04 

.91 

SN0162692.88 

SQ18 

13.62 

SUB3 

0,65 

5U85 

0.96 


Calculations 


101 

2 .159 

102 

1 .*.30 

103 

0,662 


0.000 

160 

1.367 

106 

*:9,r,77 

109 


1 in 

3.509 

115 

b5.3ft6 

• 116 

-974 ,3ftfl 

117 

52,347 

lift 

30,4?9 


0 , 000 

121U 

52.709 

121E 

1046 , 53n 

1?]F 

1092,484 

126 

n , 126 

127 

2.032 

l28 

Q.OII 

129 

0.117 

134 

C , 546 

l3o 

C.i47 

136 

0 , 944 

137 

0.290 

142 

1 104 ,259 

143 

IIL2.184 

144 

1173.654 

145 

1537.502 

150 

-1 L 1 .004 

151 

-'♦3,921 

152 


155 


156 

112.593 

159 

3.n4fl 

Ibl 

0.13' 




1 04A 

Sfl.PSn 

1 05 

3.661 

106 

9208.340 

107 

3.331 

111 

214.576 

112 

13.435 

113 

276,620 

114 

111.540 

1 19 

-453,463 

l?0 

29.29? 


0.000 

1216 

6.555 

122 

-9mo , 944 

123 

95.227 

124 

0,626 

125 

1.533 

130 

0.487 

131 

0.4B0 

132 

D.894 

133 

0,143 

13ft 

0 . 056 

139 

0.536 

140 

33.219 

141 

21.391 

146 

133,014 

147 

69,464 

14B 

1695.629 

149 

1831.882 

154 

P5ft6,277 

155 

1938.967 

156 

8908,202 

157 

7911,807 


106 

920P . 

109 

1975277, 

145 

1537. 5l2 

♦ 4ft 

1695,624 

149 

1051.002 

152 

-34277 .519 

153 

-42063,803 

154 

«5fl6.277 


GATE 12-18-74 
time 15-25- 0 


AJN 147. EVENT 424 
H202 APU PCRPORPANCP 


READING 4?4 
BAROnETER 13*33 


RP66 

DATA IN ENGINEEkING 
865.46 RP67 559.99 

UNITS 

DL68 

13.75 

0L69 

13.76 

SP5 

852.20 

SP7 

501. 01 

DH68 

43.63 

DH69 

32.01 

spia 

123.33 

SP6S 

37.60 

SP27 

540.57 

SP58 

50 0.4 7 

SP62 

262.47 

SP64 

-5.90 

SP66 

-8.63 

tPl 

3704.08 

tP2 

80.50 

RT66 

505*13 

RT67 

529.53 

ST5 

520.69 

ST7 

695.19 

ST16 

563.79 

ST17 

531.42 

STIB 

731.84 

ST19 

664*67 

ST27 

223.19 

ST3i 

332.12 

ST35 

467.72 

STS9 

629.44 

ST4i 

492,41 

ST45 

509.29 

ST47 

1341,03 

ST51 

870.37 

ST56 

284.04 

ST57 

726.30 

ST58 

747.74 

ST62 

1956.62 

ST65 

1388.63 

ST66 

1045.82 

ST84 

615.04 

ST86 

586.15 

LT2 

704,81 

LT5 

865.60 

LT6 

526.68 

SN6tA2440.68 

SCU9 

13.45 

GOBS 

0.53 

seas 

0.92 

t02 

as*92 

L05 

15.17 














101 

CALCULATIONS 

5.764 102 3.776 

103 0.655 


0.000 

104a 

228.410 

IP5 

2. 506 

106 


107 

3,337 

160 

1.367 

108 37*116 

109 •••••••• 

110 

9.543 

111 

598.175 

1 1 ? 

12.190 

113 

353.964 

114 

282.474 

115 

236.739 

116 -926,792 

117 47.263 

HR 

39*576 

119 

-154,936 

120 

187,946 


0*000 

1218 

8.328 


0.000 

1210 54*068 

121C 1171*860 I2ir 

1217,600 

122 

-955,121 

123 

90.545 

124 

2*502 

125 

3.262 

126 

1,416 

127 4*348 

I2B 0.168 

129 

0.905 

130 

0.4 56 

ISL 

0.460 

132 

0.612 

133 

0.254 

134 

0.236 

135 0*453 

136 0*945 

137 

0.389 

138 

-0.104 

139 

0.848 

140 

1980.630 

141 

2823,017 

142 

2603,017 

143 2667*148 

144 3151*227 

145 

3900.437 

146 

328.142 

147 

174,740 

148 

7241,485 

149 

7051.360 

150 

432.484 

151 -158.222 

152 •••••«•• 

153 


154 


155 

1427*266 

156 

8463.482 

157 

7902,795 

158 

106 

145 

107,094 159 4.496 

24328, 

3900,437 

161 0.142 

l09 206BS62. 
148 7241, 4ft5 











149 

153 

7051.360 

-42893.897 

152 -21529.696 
154 21364,196 




ORIGINAL PAOBB 




OP POOR QUALin 


PSIA 


P51A 


PSIA 


201 



Date 12-18-74 


RUN ]ti7, EVENT t»32 

• •• H202 ^n\j PCRFoRMANCr ••• 



time 

13-29- 

1 






Data in engineering 

UNITS 




RP66 

864.69 

RP67 

339.30 

OL6b 

11.91 

DL69 

6.99 

SP18 

112,17 

SP43 

13,80 

SP27 

536.22 

$P58 

392.22 

LP2 

77,62 

RT66 

306.33 

RT67 

529.82 

STS 

519.49 

ST19 

718.93 

$T27 

227,07 

ST3l 

234.42 

ST35 

463.61 

ST31 

767,24 

ST36 

303,92 

ST57 

755,54 

ST56 

746.01 

ST86 

599.23 

LT2 

733,36 

LT5 

865.60 

LT6 

323,23 

L02 

31.62 

L03 

15.32 






STT 


870,23 SPT 
lM«e6 s^8<« 
697.87 ST16 
717.8 b ST«*1 


READING 

6AR0HETER 


311, SN 0M6A 
-8.83 SP66 
3B‘*.06 ST17 
988.19 ST93 


11«93 DH69 6.98' 
10.85 LPl 3699.08 
345,50 sue 772.60 
328.14 ST47 1332.54 


746.01 ST6? 1954,06 ST64 1574.10 ST66 1144.15 ST84 


523,25 SN8162519.63 SC19 13.76 S083 


0.62 S083 


623.96 

0,99 


432 

13.33 PSIA 


101 

160 

115 

126 

134 

142 
150 
158 

106 

143 
149 
133 


CALCULATIONS 
3.106 102 

2. 014 

103 

0*696 

D.OOO 

109A 

99.956 

105 

5.069 

106 


107 

3,323 

1.368 108 

34.630 

109 


5.121 

m 

317.859 

1 12 

13.589 

115 

377,680 

119 

135,316 

106.392 116 

-951.751 

117 

48,873 ll« 

34.085 

119 

-299,426 

120 

66.819 


0.000 

121B 

8,886 

0,000 1210 

55.059 

121E 

1068,980 121F 

1115.959 

122 

-960.637 

123 

91.049 

124 

0.923 

125 

2,183 

0,139 127 

2,96 7 

128 

0.013 129 

0.983 

iSo 

0,478 

151 

0.475 

132 

0,C2l 

133 

0,175 

0,916 135 

0.402 

136 

0,950 137 

0,271 

138 

0.09C 

139 

0,755 

140 

70.966 

1 4 1 

124,658 

2339,340 143 

2934 ,706 

1M4 

2673,266 145 

3286.931 

196 

417,565 

147 

23L .680 

148 

2586.071 

149 

2551,505 

-103,639 151 

-86.243 

152 



154 


155 

1913.511 

156 

8675.330 

157 

7889.750 

112,491 159 

12969, 

3286,931 

2951.505 

-43500.377 

4.595 

161 

109 

148 

152 

154 

0,135 

2046251. 

2566,071 

-30867,011 

12633.362 








DATE 12-18-74 
time 16- 9- 1 


RUN li.fi, EVENT 

H202 APU PERFORMANCr 


RCAOING 

0AROMETCP 13.33 PS ! A 



DATA IN engineering 

UNITS 




9P66 

856,06 

RP6T 

553.62 

DL66 

13.75 

DL69 

10,67 

spie 

103.99 

SP63 

15.76 

SP27 

599,93 

SP56 

539,39 

LP2 

69.69 

RT66 

502.56 

RT67 

527,98 

ST5 

523,10 

ST19 

627,48 

ST27 

266,99 

ST31 

342.91 

ST35 

468.35 

ST51 

8X0,99 

ST56 

301.03 

ST57 

746,62 

ST58 

749,87 

STS6 

602.55 

LT2 

626.34 

LT5 

865.60 

LT6 

525,72 

LQ2 

29.52 

L05 

15.32 






ST7 


838,01 5P7 
143.86 SP64 
677,83 ST16 
620.24 ST4i 


505,67 DH68 
0,33 SP66 
587,42 ST17 
483,39 S745 


749,87 ST62 1958.22 ST65 1440,31 ST66 1133.55 ST84 
525,72 SN8162566.dA $019 13,42 $085 


13.97 

DM69 

11.13 

-0.00 

LPl 

3765.08 

593.93 

ST18 

665,05 

523.22 

ST47 

1569.19 

1133.55 

ST84 

619,37 

0.61 

SQ85 

0.97 


101 

160 

115 

126 

134 

192 

150 

158 

106 

195 

149 


CALCULATIONS 
3,991 102 

2,172 

103 

0,631 

0.000 

1 04A 

94,485 

105 

3.565 

106 


107 

3.289 

1.369 1C6 

11.994 

109 


5.619 

in 

274, 95n 

112 

15.178 

113 

377.670 

114 

153,828 

103.372 116 

-971,713 

117 

55,694 118 

37.596 

119 

-353,414 

120 

63.656 


0.000 

1210 

8.886 

0.000 1210 

59.342 

121E 

1083.971 121F 

1139.928 

122 

-980,600 

123 

99,556 

124 

1.170 

125 

2*270 

0.939 127 

3.006 

128 

0,106 129 

0.973 

130 

0.452 

131 

0.993 

132 

0.772 

133 

C. 190 

0.382 135 

0.418 

136 

0,922 137 

0,534 

138 

-0,014 

139 

0.692 

140 

620.625 

191 

752,362 

1990,187 143 

1586.111 

144 

1764,014 145 

2166.673 

196 

‘♦62.C51 

1“? 

257.390 

148 

3497.737 

149 

3779 , 322 

39.127 151 

-00,694 

152 



159 


1*5 

1688.195 

156 

8203.305 

157 

7875,162 

104,128 159 

13989, 

2166.673 

3774,322 

-95439,519 

4.921 

161 

109 

148 

152 

154 

0.148 

1616174. 

3497,737 

-29587,259 

13652,255 








DATE 

time 


12- 19-74 

13- 31- I 


RUN 1^9, EVENT 449 

H202 APtI performance 


READING 

barometer 


449 

13. S4 R91A 


RP66 

$P1B 

LP2 

ST19 

ST31 

ST86 

LQ2 


data in engineering units 

860,87 RP67 333.95 

130.67 SP63 3.38 
92.86 RT66 503.24 

573.46 $T27 385.34 

7b7.49 $T56 728.30 

559.67 LT2 541,01 
20,32 LQ3 91.52 

CALCULATIONS 


UNITS 



0L68 

9,94 

DL69 

SP27 

551,94 

SP58 

RT67 

537,20 

ST5 

ST3i 

372,16 

ST35 

ST57 

763.62 

ST58 

LTb 

865.60 

LT6 


101 

1 . 988 

102 

1.293 

103 0.650 

160 

1.367 

108 

27,745 

109 •«*«•••• 

115 

64.007 

116 


117 56.046 


0.000 

1210 

51.522 

121E 2839.977 

126 

0.197 

127 

1.791 

128 -0.034 

134 

0.553 

135 

0.671 

136 0.899 

192 

733,295 

143 

595.738 

149 634.167 

150 

-95.726 

151 

-30.981 

152 •••«•••• 

158 

108,207 

159 

3.095 

161 0.190 


3,78 SP9 
538.83 SP62 
524.30 ST7 
481.76 ST39 


110 

118 

121F 

129 

137 

145 

151 


0.000 

3,282 

32,768 

2883.218 

0.102 

0.903 

786,939 


104A 

111 

119 

122 

130 

138 

196 


».62 SP7 

529,31 

0H68 

9. 

!.95 SP64 

-9,91 

SP66 

-11.. 

».OT ST16 

830.65 

ST17 

501.1 

>.69 ST9] 

987,95 

ST95 

511. 

>.66 ST65 

1312.65 

ST66 

987.1 

>.63 SQ19 

13.08 

SQB3 

0.' 

57.725 

105 

3.411 

106 

195.330 

112 

9,079 

113 


120 99.767 



123 96.663 

129 

0.535 

ISI 

0.936 

132 

0.057 

139 

0.916 

190 

160.574 

197 113.771 

198 

6945.41^ 

155 1921.135 

156 


DH69 5,97 

LRl 3648.08 
3Tl8 587,74 
5747 1232,17 
5T84 386.19 

5083 0,43 


8330,133 

246.982 

0.000 

Q.T04 

0.893 

«03.991 


107 

114 

1218 

123 

130 

191 

199 

137 


3 

109 

4 
1 
0 

24 

2299 

7900 


106 833c, 

195 788.939 

149 2299.167 

153 »•••••««•• 


109 1963746. 
148 1770.428 

152 ••••«••••• 

1.54 6945.416 


202 



RUN 151 . tVENT 461* 




• •• 

H202 APU PERFORMANCr 

DATE 

12-19-79 



TIME 

15-97- 0 




RCA01N6 H64 
BAAOMCrCR 13*36 RSIA 


RP 66 

DATA 15 
672.91 

1 ENGINEER INC. 
KP67 561.96 

UNI TS 
0 L 68 

13.75 

DL69 

13.76 

. SP5 

862,92 

SP7 

993,71 

0 M 68 

39,69 

0H69 

26.75 

SPIB 

127.07 

SP63 

33,06 

SP27 

594,95 

SP56 

512.09 

SP62 

232.57 

SP69 

-6.A4 

SP66 

-9,90 

LPl 

3729.06 

LP2 

92.21 

6Tb6 

505.99 

RT6 7 

528.10 

ST5 

521.78 

ST7 

695*05 

ST16 

565.62 

ST17 

532.59 

ST16 

^21.91 

ST19 

660.13 

ST27 

207,59 

ST31 

333,93 

ST35 

968.16 

ST3*» 

632.26 

ST91 

991,29 

ST95 

510,51 

ST97 

1333.43 

ST51 

891.1? 

ST56 

299,09 

ST57 

722,71 

ST50 

799.16 

5T6? 

1953,92 

ST65 

1366.16 

ST66 

1010.39 

ST69 

619.99 

ST06 

509.10 

LT2 

693.22 

ITS 

865.60 

LT6 

521,07 

SN8162925.13 

SG19 

13.96 

SQ6S 

0.55 

S065 

0.91 

LQ2 

76.22 

LQ5 

92.92 















CALCULATIONS 












101 

5.309 

102 

3.909 

103 

U.69? 

0.000 

109A 

205.029 

105 

2.551 

106 


107 

16G 

1,369 

106 

37.671 

109 


8.719 

111 

550.297 

112 

12.205 

113 

352.929 

119 

115 

213.316 

116 


117 

47,l3e il® 

36,767 

119 

•513,311 

120 

161.516 


0,900 

1218 


0.000 1210 

59.627 

121E 

5096.092 I2ir 

3092.926 

122 


123 

91,270 

129 

2.955 

125 

126 

1 ,979 

127 

3.R36 

126 

0.109 129 

0,868 

130 

0.930 

131 

0.971 

132 

0,656 

133 

134 

0.259 

135 

0,949 

136 

0,939 137 

0,429 

138 

-0.131 

139 

0.642 

190 

2105,967 

191 

192 

? 38?. 97 7 

193 

2529.751 

149 

2996,321 195 

3591 ,857 

146 

395.185 

197 

178.903 

190 

7030,669 

199 

150 

491 . 500 

151 

*191,^09 

152 



159 


155 

1905.679 

156 

6259.765 

157 

158 

104.711 

159 

9,906 

161 

0.196 









106 

21953, 



109 

2082369 . 









195 

3591,857 



196 

7Q30.689 









199 

7112.092 



152 










153 




159 

18962.901 










3.310 

259.692 

e.292 

2.959 

0.293 

3092.600 

7112.092 

7660.100 


DATE 12-19-79 
time 15-50- 1 


RUN 

151 . EVENT 967 




H202 

APU PERFORMANCr 

• •• 

READING 

467 




BAROMETER 

13.36 PSIA 



data I? 

RP66 

970,90 

SP18 

106,35 

LP2 

53.9? 

ST19 

662,95 

ST51 

951.9? 

ST86 

601.50 

t02 

139.07 


I ENGINEEUING 
RPb7 562.77 
SP63 5b. 30 
RT66 506.77 
ST27 177,43 
5T56 306.76 

LT2 711.69 
Lfi5 92.97 


UNITS 



DL6U 

13, 

,75 

SP27 

515, 

,93 

nT67 

526, 

.68 

ST3l 

399^ 

^57 

ST57 

725. 

.07 

LT5 

065, 

. 6 0 


0Lft9 13,76 
SP56 999.39 
ST5 516.96 
ST35 966.63 
ST55 796,09 
LT6 559,69 


SP5 837.97 
SP62 366. 5A 
ST7 667.62 
ST39 601.56 
ST62 199?. 66 
Srj6tr233Q.63 


SP*^ 956,99 
SP 69 -3.56 
ST16 560.91 
ST9i 499,95 
ST65 1362.19 
SU19 13.33 


DH68 69.36 
SP66 .6.66 
ST17 536.69 
ST95 510.76 
ST66 967.66 
S063 0.60 


0H69 69.67 

LPl 3566.09 
ST16 790.98 
ST97 1296.56 
ST89 626.03 
S065 1.09 


101 

CALCULATIONS 

8.2M 102 5.256 

i03 0.63E 


0.000 

109A 

160 

1 . 360 

108 30.940 

i09 

110 

13.909 

1 11 

115 

361 .315 

11b 

117 96.569 

110 

42,355 

119 


0 .000 

1210 96,782 

121E 2093.665 

I2ir 

2930.011 

122 

126 

2.903 

127 5,329 

128 0.222 

129 

0,650 

l3o 

139 

0.109 

135 0,983 

136 0.909 

137 

0.952 

1 36 

192 

'216.763 

103 2957,607 

199 3736,939 

190 

4964,395 

196 

150 

661 ,916 

151 -215.919 

152 

153 


159 

158 

10*^.222 

159 5.866 

161 0,195 





350,077 

105 

2.306 

106 


107 

3,303 

053, n59 

112 

19,110 

113 

993,559 

119 

397.659 

-295.633 

120 

266,590 


0,000 

121B 

10.936 


123 

09,373 

129 

9.610 

125 

3.622 

0.969 

131 

0.925 

132 

0.992 

133 

0.269 

^0.110 

139 

0.020 

190 

9571.399 

191 

6366.963 

951 .070 

197 

262.179 

190 


199 



155 

1898,336 

156 

6292,196 

157 

7860.697 


106 33839. 

j95 9969,395 

199 11568,779 

153 ••••••••»* 


109 2086896. 
198 12632, 257 

iS2 .82615,716 
159 28795.708 


DATE 12-19-79 
TIME 15-52- 1 


RUN 151. EVENT 969 
H2Q2 APU PERFORMANCr •*« 


READING 969 
8AR0METER 13.36 P5IA 


RP66 

DATA IN ENGINEERING 
672,10 RP67 559.99 

UMTS 

0L66 

10,19 

0L69 

7.59 

SP5 

673.29 

SP7 

996,98 

DH6b 

10.36 

DH69 

7,65 

SP16 

107.59 

SP63 

11,96 

SP27 - 

557,16 

SP56 

592,36 

5P62 

129.96 

SP69 

-9,39 

SP66 

-ll,?2 

LPl 

3736.06 

LP2 

76.96 

RT66 

506,65 

RT67 

526,61 

ST5 

516,69 

ST7 

695.05 

ST16 

566.36 

ST17 

559.15 

sTie 

750.13 

ST19 

702.92 

ST27 

205.20 

ST31 

236,27 

ST35 

969.26 

ST39 

705.18 

ST91 

965.33 

ST95 

533,51 

ST97 

1329.41 

ST51 

794,51 

ST56 

269,09 

ST57 

799.57 

ST58 

797.03 

ST62 

1955.02 

ST65 

1579. *6 

ST66 

1106.23 

ST89 

631.39 

ST66 

603.21 

LT2 

708.12 

LT5 

665.60 

LT6 

526,66 

Sn8162535,36 

SQ19 

19,75 

S063 

0.69 

S065 

1.03 

L02 

26.32 

L05 

93,02 














CALCULATIONS 


101 

2.656 

102 

1.669 

103 

0,659 


0.000 

104A 

91 .695 

105 

3.109 

106 


107 

3.394 

160 

1.367 

106 

35.509 

109 


110 

9,792 

111 

299,350 

11? 

19.179 

113 

399.966 

119 

193.319 

115 

99,666 

116 


117 

96,776 

118 

33,926 

119 

-950,606 

120 

60,977 


0.000 

121B 

6,223 


0,000 

1210 

51,669 

121E 

2906,209 

I2ir 

2999,655 

122 


123 

92.915 

129 

0,937 

125 

1.920 

126 

0.251 

127 

2.606 

126 

0,052 

129 

0.866 

130 

0,966 

I5l 

0.960 

132 

0,692 

133 

0 ,165 

139 

0,967 

135 

0,263 

136 

0.997 

137 

0.315 

136 

0,010 

139 

0,763 

190 

276,169 

191 

939,690 

142 

2122,616 

193' 

2190,696 

J99 

2395,592 

195 

2872.906 

196 

963.969 

197 

187.160 

196 

2597,690 

199 

2709,072 

150 

-25,366 

151 

-79.772 

152 


153 


159 


155 

1932.939 

156 

6620,116 

157 

7906.201 

158 

111,559 

159 

3,920 

161 

0.136 












106 

12130. 

109 

2096295. 

195 

2672,906 

196 

2597,690 

199 

2709.072 

152 


153 1 


159 

11296.751 


OWGWALPA^® 
POOE QUAIOT 


203 



DATE 



time 

19-97- 

0 






data in engineering 

UNITS 




RP44 

671,30 

RP47 

999.01 

OL46 

4,93 

0LA9 

4,72 

SPIO 

129,70 

SP4S 

4.33 

SP27 

599,44 

SP96 

940,71 

LP2 

94.81 

RT44 

904.10 

RT67 

526,79 

ST9 

921,42 

ST19 

726,34 

ST27 

222,07 

STSl 

240.42 

ST59 

470.24 

ST91 

762.19 

ST96 

466.42 

ST57 

757,06 

ST98 

749.71 

ST66 

411,42 

LT2 

713,37 

LT5 

665,40 

LT6 

921.49 

L02 

20.62 

L69 

42.32 






RUN' !51 , EVENT 

H 202 APU PCftroRHAMCr 


SPS S73.^M 


321.49 SN91A2A61.3d S019 


SP7 

912.39 

OM66 

6,63 

SP44 

-9.62 

SP64 

-11,41 

ST16 

409.37 

STIT 

996.06 

ST41 

467,36 

ST49 

553.43 

ST65 

1341.61 

ST 64 

1142.60 

S019 

13.92 

5063 

0.72 


PEA0XN6 

BAPOHETER 


OHA9 4,63 

LPl 3761,06 
ST18 769.92 

S747 1316.24 
ST84 . 637,35 
S06S 1,06 


474 

13.36 PSIA 


CALCULATIONS 


101 

2.249 

102 

1 .494 

103 

0,464 


0.000 

104A 

99.460 

160 

1.346 

106 

34,246 

109 


110 

3.744 

111 

230.479 

115 

49,421 

114 


117 

50,085 

116 

30.120 

119 



0.800 

121D 

99,644 

121C 

2676.674 

121F 

2924,597 

122 


124 

0.195 

127 

2.094 

126 

0,032 

129 

0,134 

130 

0,441 

134 

0,999 

139 

0,400 

136 

0,946 

137 

0,270 

ISO 

0.046 

142 

1687.666 

14S 

1934,759 

144 

2065.718 

149 

2580,337 

146 

499.219 

ISO 

-89,407 

191 

•42.395 

152 


153 


154 

9142.775 

156 

119.961 

199 

4.974 

141 

0.126 





104 

9422. 



109 

2031210. 






149 

149 

153 


2960.337 

1760.363 


146 

152 

154 


1636.B20 

9142,775 


105 
1 ? ? 
120 
123 
ISI 
139 
147 
155 


3.778 

14.914 

44.549 

93.269 

0.904 

0.736 

320,709 

1940.326 


106 9622.267 
113 423.372 

0.000 
0.613 
0.897 
122.796 
146 1636.620 
156 9469. C29 


124 

132 

140 


107 

114 

121B 

129 

133 

141 

149 

157 


3.399 

115.104 

9,961 

1,635 

0.137 

39,992 

1760.363 

7910,090 


DATE 

TIME 


!• 6-79 
19*21-81 


RUN 15^4. EVENT 501 

H2Q2 APU PERFORMANCr ••• 


READING 

BAROMETER 


901 

13.21 PSIA 



DATA IN ENGINEERING 

UNITS 






RP44 

644.26 

RP47 

994.09 

DL46 

4.47 

0L69 

3.26 

SP9 

462.02 

SPIO 

121,90 

SP43 

3.77 

5P27 

596,23 

SP96 

546.99 

SP62 

44,89 

LP2 

02.90 

RT44 

493.09 

RT47 

918.73 

ST5 

911.00 

ST7 

641.31 

ST19 

707.49 

ST27 

90.61 

STSl 

349.70 

ST35 

466.16 

ST39 

972.61 

ST91 

1100.07 

ST94 

264,04 

ST57 

731.63 

ST56 

747.94 

ST62 

1992.76 

ST64 

962,65 

LT2 

922.66 

LT5 

512.77 

LT6 

517.71 

SN8162666.13 

L02 

16.87 

LOS 

47,72 








101 

160 

119 

126 

134 

142 

190 

156 

106 

149 

149 

193 


CALCULATIONS 
1,660 102 
1,369 106 

66,069 116 

0.000 1210 

0.649 127 

0.946 
731,966 
107.350 
114,620 

6199. 
-7403,449 
3722.466 
2769,796 


139 

145 

151 

199 


1.273 103 

43.647 109 

69,646 117 

40,53-7 121E 
1,031 126 

0,494 
639,432 
-52.036 
4,066 


136 

144 

192 

161 


0.676 

49.194 

•19.425 

0,264 

0.621 

675,719 

6009.692 

0.131 


IID 

116 

121F 

129 

137 

149 


0,000 

3.153 

32.906 

14.796 

0,777 

0,478 


104A 

111 

119 

122 

130 

136 

146 


SP7 

919. AO 

Dh46 

4.74 

DM69 

3.52 


-10.97 

SP44 

•10.97 

LPl 

3760.09 

5T16 

970.97 

STIT 

525.61 

ST16 

563.00 

ST41 

472.17 

ST45 

926.10 

ST47 

1200.60 

ST65 

1347.04 

ST66 

769.74 

ST64 

616.65 

S019 

13.08 

$083 

0.94 

$085 

0.63 

,715 

109 

3.276 

106 8195,894 107 

1,763 

112 1 

1.971 

113 355.030 114 


57 
200 
44,793 
61.494 
0.922 
-0.073 
342.413 


120 

123 

131 

139 

147 


26,222 

97.974 

0,490 

0.771 

230.507 


153 2769.796 194 9220.057 155 1964,162 


109 2100795. 
148 3753.902 

152 6009,652 

194 5220,057 


0.000 
1.999 
0.911 
1917,073 
148 3793,902 
156 9106,696 


124 

132 

140 


121B 

129 

133 

141 


3.360 

96,293 

6.353 

0.260 

-1.065 

2374.681 


149 3722.466 
157 7931.269 


DATE 1- 6-75 
tine 15-29-56 


RUN ’54, EVENT 513 

H202 APU PERFORMANCE 


READING 

barometer 


510 

13.21 PSIA 



DATA IN 

t engineering 

UMTS 



RP66 

675.11 

RP67 

957.38 

□ L6b 

6.52 

DL69 

spie 

123.15 

SP63 

9.58 

SP27 

555.69 

SP56 

LP2 

79,0m 

RT66 

493.53 

RT67 

518.79 

ST9 

ST15 

725.26 

ST27 

49,31 

ST3i 

336.36 

ST35 

ST51 

1 116.19 

ST56 

284 .04 

ST57 

727.02 

ST58 

ST66 

989,63 

LT2 

525.72 

LT5 

511.08 

LT6 


LQ2 


101 

160 

115 

126 

134 

142 

150 

158 


29,47 

L65 

67.57 



CALCULATIONS 




2.596 

102 

1.734 

103 

0,667 

1.366 

106 

55,591 

109 


67.246 

116 

138.873 

117 

46,712 

O.QOO 

1210 

76.237 

121C 

•61.898 

1.217 

127 

1.379 

128 

0,270 

0,441 

135 

0.537 

136 

0.609 

1097.736 

143 

708,666 

144 

768,526 

182.759 

151 

-76.390 

152 


112.448 

159 

5.132 

161 

0.134 


6,18 SP5 670.23 SP7 904.66 Om66 
943.31 5P6? 116,46 -10,63 $P44 
910.15 ST7 693,69 ST16 964.23 ST17 
465.22 ST39 953.04 ST41 471.46 ST49 
747,13 ST62 1998.2? ST69 1361,36 ST66 
519,45 SN6162759.B6 S019 12,46 S063 


1 10 
lie 
121F 
129 
137 
149 


0,000 

4,331 

23.419 

4.610 

0.760 

0,679 


153 4716,431 


104A 

111 

119 

122 

130 

136 

196 

194 


97,t»77 

267.187 

46,396 

129.104 

0,990 

-0,092 

434,769 

7213.751 


109 

112 

120 

123 

131 

159 

147 


8.50 DM69 4.43 
-10.63 LPl 3797.06 
523.66 ST16 570.04 
921.94 ST47 1190.11 
790.49 ST84 422.31 
0.99 3069 0.91 


4.921 

12.290 

43,249 

94.970 

0.377 

0.644 

329.049 


104 

113 


155 1947.664 


419,147 
0,080 
124 2.290 

132 0,637 

140 2949.493 
146 9347.039 
196 0903.242 


107 3.362 

114 133,719 

121B 9.768 

129 0.304 

133 -l^MiO 
141 3463,302 
149 9249,419 
157 7917.441 


106 11164, 

149 -9155.925 

149 5265.619 

153 4718,431 - . 

// End 17 mar 75 11,144 HRS 


109 2166176. 
148 5367,039 

11932.163 
7213.751 


152 

154 


204 



OATC 

T1«C 


1-10-75 
16- 0-31 


RJN 160, EVENT 525 

H202 APU PCRfORHANCr 


RCAOIN€ 

BAROKCTCR 


325 

Il.tT PStA 



data in engineering units 









RP 66 

663.54 RP67 

535.26 DL65 

4 , 44 

0L69 3.33 SP3 

666.67 SP 7 

523.30 

DM 6 0 

4.41 DH69 

3.38 


SP18 

125.60 SP63 

3.60 5P27 

555,02 

SP58 540,33 SP62 

62.45 

•lO.Al 

SP64 

-10,61 LPl 3637.06 


LP2 

66,19 RT 66 

496.36 RT67 

322.50 

ST3 516,46 ST7 

637.93 S716 

539.54 

ST17 

497.41 ST16 

560.16 


SU9 

696,36 ST27 

39.62 S731 

577.16 

ST35 472.30 ST39 

571. 2C ST41 

476*49 

ST45 

509,41 S747 1126.76 


ST51 

1096.21 sT56 

264.04 ST37 

744,59 

3746 777.30 ST62 

1958,54 ST65 

1326.74 

S766 

707.56 5764 

595,66 


ST 66 

565,10 LT2 

525,72 LT5 

515.13 

LT 6 525.64 SNB162551.1S S019 

13.07 

3063 

0.40 S065 

0,63 


LQ2 

20.07 L05 

18.77 










CALCULATIONS 










101 

1.592 102 

1.247 103 

0, 

659 0.000 : 

104A 57.705 

105 

3.265 

106 6033.166 

107 

3.349 

160 

1.367 106 

36.007 109 


••• 110 3,140 

111 195.653 

112 

6.776 

113 297.173 

114 

102,715 

115 

64.697 116 

50.212 117 

52. 

632 lie 33.062 

119 23,660 

120 43,906 

0.000 

1216 

6,992 


0.000 1210 

45,010 121 E 

21 . 

476 12ir 59.494 

122 43.220 

123 97.359 

124 1.796 

123 

0,093 

126 

0.619 127 

1.073 126 

0 . 

306 129 0,783 

130 0,490 

131 

0.477 

132 0.916 

193 

-1.077 

134 

0.506 135 

0.690 136 

0 . 

753 137 0.755 

135 -0.143 

139 

0.532 

140 2057.569 

141 2260.600 

142 

606,129 143 

389,779 144 

629. 

638 145 •••••«•• 

146 196,051 

147 160.065 

146 3655.276 

149 4165.544 

150 

216.661 131 

-56.374 152 

5896. 

660 155 1207.234 

154 4691.446 

155 1963.352 

15b 6927.633 

157 7970,663 

156 

112,005 159 

3.604 161 

0 , 

134 







106 

8033. 

109 

2056327. 







145 

-6849.350 

148 

3955.276 







149 

4165.344 

152 

5696.660 







155 

1207.234 

154 

4691.446 








DATE 

TINE 


1-10-75 
lb- 2-31 


' 60 . EVENT 529 

H202 APU PERFORMANcr ••• 


READING 323 
barometer 13.27 PSIA 



data in 

1 ENGINEERING 

UNITS 











RPbb 

682,51 

RP67 

555.09 

OLbb 

a. 69 

OLR9 

b.32 

SP5 

684.06 

SP7 

510.33 

DH 66 

6,54 DH69 

6.55 

SPlS 

134.02 

SP63 

10.91 

SP27 

552,07 

SP58 

535.33 

SP62 

113.56 


- 10.02 

SP64 

-10.02 LPl 

3622.06 

LP2 

68.02 

KTbb 

49tt. 40 

RT67 

521,97 

STS 

515.74 

ST7 

1096.40 

ST16 

551,83 

ST17 

501.16 STia 

576,44 

ST19 

692,0b 

S727 

53.46 

ST31 

366.99 

ST35 

470.33 

ST39 

560.99 

STHl 

477,11 

ST45 

505,75 ST47 

1173,19 

ST51 

1111.65 

ST5fe 

264.04 

ST57 

729,59 

ST58 

750.66 

ST62 

1961.10 

ST65 

1391, ne 

ST 6 b 

757.04 ST64 

604.37 

ST56 

L02 

572.27 

30.22 

LT2 

LU5 

536.43 

16.67 

LTt, 

517.95 

LTb 

533.31 

SN6162466.13 

S019 

13.03 

SU53 

0,42 S065 

0.69 


CALCULATIONS 


l**5 

155 


101 

2,613 

102 

1.751 

103 

0.670 

0.000 

104A 

96.142 

103 

2.723 

106 


107 

3,366 

IbO 

1 .366 

106 

39.072 

109 


no 4,364 

111 

274,646 

112 

9.4i7 

113 

335.172 

114 

137,506 

115 

104.029 

11 b 

62.925 

117 

50.253 

118 37,677 

119 

30,193 

IPO 

65.847 


0.000 

121B 

7,666 


0,000 

1211 ) 

41.566 

121 E 

23.969 

121F 62.469 

122 

75,039 

123 

96.495 

124 

2,372 

125 

6,240 

12 b 

1.206 

127 

1.406 

128 

0.315 

129 0.762 

130 

0.478 

131 

0.462 

132 

0.856 

133 

-1.050 

134 

0 . 383 

l3b 

0.678 

136 

0.769 

137 0.702 

136 

-0,099 

139 

2.724 

140 

2955.903 

141 

3424.575 

142 

735.682 

143 

737.238 

144 

797,451 

145 •••••••• 

146 

253.70^ 

147 

206.298 

145 

5500.126 

149 

5509.160 

150 

19^.792 

151 

-244.661 

152 

9335.375 

153 2391,721 

154 

6943.654 

155 

1955,454 

l5b 

6511,464 

157 

7926,665 

156 

107.350 

159 

4,152 

161 

0.141 










lOfa 

11273. 



109 

2076639. 











-bbl5. 772 
5509, IbO 

2391,721 


19A 

152 

154 


5500. i?e 
9335 . 375 

6945,654 


DATE 

time 


1-10-73 
16- 4-36 


RUN 160. EVENT 531, 

H202 APu PERFORMANCr 


READING 334 
BAROMETER 13.27 PSIA 


DATA IN ENGINEERING UNITS 

RP66 561.93 RP67 333.91 
SP16 136.36 SP63 26,73 
LP2 61.97 RT66 996.40 
ST19 723,33 ST27 49,93 
ST51 1129.49 ST36 317.39 
STS6 360.36 LT2 336.45 
L02 74,92 L05 16,72 


CALCULATIONS 
101 4,937 

160 1.367 

113 210,623 


UNITS 



0L66 

13,75 

0L69 

SP27 

541.77 

SP56 

RT67 

522.27 

ST5 

ST31 

317,90 

STS5 

ST57 

733.78 

ST58 

LT5 

517,65 

LTb 


126 

134 


2,415 
0,266 
142 2302,467 
150 296.763 

156 105,165 


106 

143 

149 

153 


20691. 
•6167,026 

10322,637 

5156,316 


102 

3.245 

103 

0.654 


0.000 

108 

43.596 

109 


110 

5.202 

116 

160,206 

117 

46.857 

lift 

39,805 

I21D 

45,650 

121E 

59,090 

121F 

96,265 

127 

2,541 

126 

0,246 

129 

0,752 

135 

0.S6D 

136 

0.764 

137 

0.676 

143 

1116,420 

144 

1263.627 

145 


151 

•144.303 

152 


153 

5156. 31S 

159 

4,745 

161 

0.145 





109 

2128777. 




146 

152 

154 


10534.966 

15833.056 

13676.767 


13,76 SP3 574.24 SP7 496.76 Oh 66 
311.28 SP62 219.67 -7.93 SP64 
511.12 ST7 696,41 ST16 355.81 ST17 
469,76 ST39 346.61 ST4l 479.69 ST45 
730.86 ST62 1962.38 $76^ 1383.03 ST66 


104A 

111 

119 

122 

130 

136 

146 

154 


30.63 0H69 23,16 

-7,93 LPl 3760,06 
511.63 ST16 366,93 
499.97 $747 1174,76 
765,46 ST54 612.52 


r.ea soi9 

12 

.93 SQB3 

0, 

45 SQ55 

0.61 

201.947 

105 

2.437 

106 


107 

3.335 

529,133 

112 

10.666 

113 

368.719 

114 

247.798 

30,277 

120 

160.763 


0 .000 

1216 

5.675 

151.532 

123 

94.720 

124 

4,624 

125 

0,332 

0.663 

131 

0.292 

132 

0.444 

133 

-1,171 

-0.076 

139 

0.632 

140 

4555.440 

141 

6746.061 

341.952 

147 

206.517 

146 


149 



155 

1926.629 

15b 

6316.773 

157 

79Q6.S00 


205 



RUN 16J, event Ji+l 

••• H202 APU PCRPORHANCr 

DATE 1«1S«7S 
TIME IR-27-56 


READING GNl 
BAROUCTER 15.41 



DATA I< 

RP66 

873.91 

spia 

126.08 

lP2 

85.98 

ST19 

710.07 

S751 

1062,75 

ST84 

564.19 

LQ2 

21,07 


I engineering 
RPG7 9SG.73 
$PB3 9.71 
RTGA 9U.99 
ST27 63.20 
ST36 28R.04 
LT2 525.01 
LOS 87.47 


UNITS 


DL68 

4,67 

SP27 

557.70 

RT67 

535.90 

ST31 

336.79 

ST57 

726.25 

LT5 

519.45 


0L69 3.54 

SPS8 541. n 
ST5 528.98 
ST35 471.54 
ST58 777,60 
LT6 522.74 


SP5 875.04 
SP42 81.85 
ST7 633.47 
ST39 573,1? 
ST62 1964.62 
SN8162740.15 


SP7 520, B7 
-10.78 
ST16 535,49 
ST41 478, ?4 
ST65 1330.53 
SD19 13.12 


DH68 4.67 
SP64 -10.78 
ST17 493.90 
ST45 507.22 
ST6fe 707.82 
Sg83 0.43 


DH69 3.52 

LPl 3844.08 
ST18 578.64 
ST47 1130.16 
ST84 593,40 
SQ65 0,62 


calculations 


101 

1,929 

102 

1,255 

103 

0.650 

0.000 

160 

1.367 

106 

36.110 

109 


3.185 

115 

65.120 

116 

79,449 

117 

52.804 IIR 

32.580 


0,000 

1210 

47.637 

121E 

•7,006 i2ir 

33,308 

126 

0,828 

127 

1.100 

128 

0,273 129 

0.779 

134 

0,906 

135 

0.726 

136 

0.756 137 

0.756 

142 

866.929 

143 

6X5,435 

144 

659.419 145 


150 

533.254 

151 

-31.488 

152 

7190,185 153 

2405,975 

156 

110.044 

159 

3.662 

161 

0.136 


106 

8083. 



109 

2070828. 


145 

•7822.262 


140 

3720,996 


149 

4256.640 


152 

719C.185 


153 

2405,975 


154 

4784.210 



104A 

57.797 

105 

3.306 

106 

8083.552 

107 

3.327 

111 

199, A78 

112 

B.927 

113 

311 ,199 

114 

105,435 

119 

39.748 

120 

46.238 


O.DOO 

I21B 

7.322 

122 

72,126 

123 

97,761 

124 

1.720 

125 

0.?08 

130 

0,570 

131 

0.401 

132 

0.946 

133 

-1 .226 

136 

-0.247 

139 

0.524 

140 

1798.226 

141 

2209.953 

146 

189,398 

147 

160.247 

148 

372C.996 

149 

4256.640 

154 

4784.210 

155 

1948.918 

156 

6759.656 

157 

7960.293 


date 1-13-75 
TIME 15-55-56 


RUN 163, EVENT 54S 

••• H202 APU PCREORMANCr ••• 


reading 548 
BAROMETER 13.41 



DATA II 

RP66 

873.31 

SP18 

131,24 

LP2 

89.97 

ST19 

562.93 

ST51 

1097.80 

ST86 

566.25 

L02 

23.57 


I ENGINEERING 
RP67 560.65 
SP63 4,14 
RT44 511.24 
ST27 56.02 
ST56 284.04 
LT2 519.27 
L05 87.62 


UNITS 


0L68 

4.81 

SP27 

559.03 

RT67 

928,81 

ST31 

272.21 

ST57 

733.76 

LT5 

509.87 


0L69 3.38 

SP58 544.12 
STS 526.22 
ST35 469.50 
ST58 750.38 
LT6 513.80 


SP5 872,64 
SP62 82.95 
STT 632.49 
STS9 567,78 
ST62 1961.74 
SN6162724.38 


5PT 520.26 
-10.72 
ST16 536.26 
ST41 475,53 
S765 1331,87 
SG19 13.03 


OM68 4,67 
SP64 -10.72 
ST17 492.10 
ST45 506,85 
ST66 736.74 
S083 0.40 


0H69 3.40 

LPl 3839,06 
ST18 574,11 
ST47 -211.59 
ST84 594.12 
SG85 0.62 


CALCULATIONS 


101 

1.904 

102 

1.275 

103 

0,669 0.000 

104A 57,622 

105 

3.311 

106 

8211.525 

107 3.366 

160 

1.366 

109 

35.750 

109 


111 197.311 

112 

8,753 

113 


315.333 

114 103,445 

115 

65,042 

116 

89,835 

117 

52,640 118 32,964 

119 45.528 

120 

51.966 



0.000 

1219 7,419 


0.000 

1210 

45.822 

121E 

•17.372 121P 21.030 

122 82.414 

12S 

97.427 

124 


• 1.566 

125 3,471 

126 

0,991 

127 

1,092 

129 

0.207 129 0,791 

130 0.667 

181 

0.312 

132 


0,939 

133 0.106 

154 

0.915 

135 

0.727 

136 

-0.870 137 0.721 

138 -0.079 

139 

0.511 

140 

1431.899 

141 2376.072 

142 

1235.570 

143 

590.953 

144 

629.976 145 613.656 

146 202.168 

147 166.719 

146 

3927,781 

149 4019,589 

ISO 

110.631 

151 

• 32.530 

152 

7794,471 155 2872.632 

154 4921.639 

195 1954.240 

156 

8875,340 

157 7927,057 

156 

111,962 

159 

3,901 

161 

0,135 








106 

8211. 




109 

2047546. 








145 

613.636 



148 

3927.781 








149 

4019,569 



152 

7794.471 








153 

2672,632 



154 

4921,659 














RUN 

170, EVENT 573 













H202 APU PCRFQRMANCr 

**• 







DATE 

1-14- 

75 










READING 5' 


TIME 14- 3- 

31 










barometer 13, 


DATA IN 

ENGINEERING 

UNITS 









RP66 

669,30 

RP67 

562.12 

DL66 

13,75 DL69 13.76 SP5 

843.16 SP7 

487,03 

DH6a 

68. 

67 

0M69 

47,58 

spie 

149,58 

SP63 

46.72 

SP27 

530.14 SPSS 477,90 Sp62 

314,98 

-9.80 

SP64 

-5. 

80 

LPl 3712.08 

lP2 

62,54 

KT66 

527.86 

RT67 

526.36 STS 527.54 $T7 

696.93 ST16 

556.73 

ST17 

917. 

11 

STIB 

604,59 

ST19 

682.91 

ST27 

52.26 

ST3; 

409,13 ST3S 466.55 ST59 

538.59 ST4i 

460.82 

ST45 

496. 

77 

ST47 1169.37 

ST51 

1127,68 

$756 

394.83 

ST87 

737.97 ST56 749.7? ST6? 

1962.36 ST65 

1394,90 

ST66 

802. 

27 

ST84 1 

616.14 

ST66 

566.92 

LT2 

574.09 

LTS 

520.77 lT6 567.61 Srj8l62440 . 6fl S019 

12,94 

S683 

0. 

47 

S085 

0.90 

L02 

117.92 

LOS 

21.72 













CALCULATIONS 





101 

6.958 102 

4.573 

103 

0.657 

o.coo 

160 

1.367 108 

43.270 

109 


11,531 

115 

308.556 116 

247.681 

117 

45.956 118 

41,574 


0,000 121D 

41,610 

121E 

70,207 I2ir 

102,487 

126 

3.700 127 

3,258 

12B. 

0.331 129 

0,681 

134 

0.210 135 

0.521 

136 

C.748 137 

0,659 

142 

1409.650 143 

1 352,390 

144 

164? , 145 


150 

267.411 151 

-185,913 

152 


8487,173 

198 

105.433 159 

5.350 

161 

0.144 


106 

29442 . 


109 

2123864 . 


145 

-4475, 6o5 


148 

15239,976 


1 49 

14657.011 


152 

28107.618 


153 

6487,173 


154 

19620.649 



1 04A 

299.228 

105 

2.312 

106 


107 

3,340 

111 

742.186 

3 3 2 

11.517 

113 

396.522 

114 

340,838 

119 

33,371 

120 

249.716 


0,000 

121B 

9,329 

122 

258,351 

123 

93.916 

124 

6.527 

125 

0,431 

130 

0.459 

151 

0.446 

132 

0.514 

133 

-0,975 

138 

-0,056 

139 

0.804 

140 

8413.031 

141 

9379.653 

146 

377.280 

T«7 

200.407 

148 


149 


154 


155 

1932.217 

156 

6339,155 

157 

7909,385 


PSIA 


PSIA 


PSIA 


206 



RUM 170 . EVtM S 79 





H202 APU PCRFORMANCr 

DATE 

1-14-75 



TIME 

14- 6-31 




kcading 

BAROMCTCR 


579 

15,39 PS1A 


DATA IN CNGINCCKING UNITS 


RP66 

869,70 

RP67 

563.43 

DL6» 

13.75 

0L69 

13,76 

SP5 

859.77 

SP7 

902.57 

DH68 

77,59 

0M69 

52.69 

SP18 

133,29 

SP63 

49.73 

SP27 

527.46 

SP58 

470,47 

SP62 

339.78 


1.19 

SP64 

1,19 

LPl 

3609.08 

LP2 

64.61 

RT66 

526.75 

RT67 

527.81 

5T5 

530.89 

ST7 

694,11 

ST16 

573.01 

$717 

533,78 

ST18 

612.58 

ST19 

671 , Tf) 

ST27 

52.58 

5731 

406,59 

S735 

467 . 33 

ST39 

540.13 

ST41 

480.19 

S745 

499.48 

S747 

1217.09 

ST51 

1134,68 

ST56 

405.10 

5757 

737.36 

5758 

748.45 

ST62 

1960.46 

ST65 

1429.79 

ST66 

839.65 

ST84 

625.05 

ST66 

594.29 

LT2 

592.10 

175 

520.71 

LT6 

575,16 

SN8162456.63 

S019 

12,93 

5083 

0.54 

5085 

0.96 


L02 117,72 LOS 21.77 


CALCULATIONS 


101 

7.281 

102 

4.B2B 

103 

• 0.663 


0.000 

104A 

290.790 

105 

2.432 

106 


107 

3.352 

160 

1.366 

IDS 

24.201 

109 


110 

12.109 

111 

701.006 

112 

12.598 

US 

395.305 

114 

333.008 

115 

30H,04l 

116 

284.029 

117 

47,663 

118 

43,942 

119 

40,517 

120 

248,944 


0,000 

1218 

9,301 


c.ooo 

1210 

35,148 

121E 

33,313 

121F 

59,160 

122 

274,728 

123 

93.929 

124 

6,438 

125 

0,092 

126 

3,965 

127 

3,315 

128 

0.327 

129 

0.674 

130 

0,454 

131 

0.498 

132 

0,501 

133 

•0.907 

134 

0,207 

135 

0.422 

136 

0,772 

137 

0.634 

138 

-0.053 

139 

0.790 

140 

0732.236 

191 


142 

1503,857 

143 

1469,251 

144 

1707.550 

145 


146 

477,559 

147 

219.839 

148 


199 


J50 

282,718 

151 

-189,131 

152 


153 

9888.395 

154 


155 

1990.983 

156 

8541.251 

157 

7919.323 

158 

107,921 

159 

5.019 

161 

0,140 












10b 31063, 

1h 5 -i35b,**42 

1H9 15300, 08b 

153 ^888, 395 


109 1910348. 
146 16065.060 

152 31405,901 

154 21517.507 


DATE 1-14-75 
TiMt 14- 6-56 


RJK 170. EVENT 585 

••• H202 APU PERFORMANCr ••• 


READING 565 
8AROMC7CR 13.39 PRtA 



DATA IN ENGINEERING UNITS 










RP66 

070,50 RP67 

561.30 0L6d 13,75 0L69 

13,76 SP5 

856 

.00 SP7 

486 

.42 0H68 

39.45 

OH69 

20.56 


SP16 

128,90 SP63 

33.35 SP27 544.98 SP58 512.49 SP62 

252 

.07 

0 

.70 SP64 

0,70 

LPl 3791,00 


LP2 

69.08 RT66 

526,46 RT67 530.65 STS ^32.20 ST7 

703 

•20 sri6 

509 

.94 ST17 

528.70 

ST10 

606.53 


ST19 

573.92 $727 

45.76 ST31 360,08 ST35 465.99 ST39 

551 

.94 ST41 

477 

,81 ST45 

506,36 

ST47 1272,45 


ST51 

1 134,25 ST56 

334,24 ST57 730,10 ST56 747,74 STf2 

1960 

,70 ST65 

1449 

.96 ST 66 

063.34 

ST04 

630.25 


ST86 

596,4t> LT2 

572.27 lT5 520,65 LT6 563,90 SN8162472 

.30 5019 

IS 

.04 SOBS 

0,58 

5005 

0.90 


LQ2 

74,82 L05 

21.72 











CALCULATIONS 











101 

5,462 10 ^ 

3.533 103 0.646 

o.noo ' 

104A 

201,710 

105 

2.675 

106 •< 


107 

3.320 

160 

1,368 106 

18.819 109 •••••••• iin 

6.995 

111 

497.195 

112 

13.094 

113 457.491 

114 

241,404 

115 

2l2,4"r5 116 

232,386 117 48,437 118 

42.734 

119 

46.739 

120 

160,301 


0.000 

1218 

10,764 


0,000 1210 

39,694 121E -9,147 I2ir 

19,782 

122 

221,622 

123 

94,756 

124 

4.475 

125 

0,906 

126 

2,759 127 

2.702 l28 0,28b 129 

0,734 

130 

0,552 

131 

0,387 

132 

0,611 

133 

0.232 

134 

0,255 135 

0.545 136 0,812 137 

0.621 

138 

-Q.A09 

139 

0,864 

140 5053.695 

141 7602,343 

142 

1936.418 143 

1366,285 144 15P2,35m 148 

1780.36? 

146 

532.163 

147 

358,353 

14tt •«•••••• 


150 

337.257 151 

-145.077 152 153 

7036,893 

154 . 


155 

1912.528 

156 8642.541 

157 7091,349 

158 

109.519 159 

5,699 161 0.139 










106 

22748, 

109 1623961. 










145 

1760, 362 

148 1 1922.4 15 










149 

11401.037 

152 24440. 602 










153 

7836.893 

154 16603.712 














RUN 170 , EVENT 593 





• •• 

H202 APU PCRFORMANCr 



DATE 

1-14-75 




READING 

tine 

14-11-41 




BAROMETER 



DATA IN 

engineering 

UNITS 











RP66 

071,50 

RP67 

559.10 

DL60 

13.75 0L69 


9.93 SP5 

066 

.63 SP7 

499.59 0M66 

14,71 

DH69 

10.37 


SP10 

120.04 

$P63 

14.97 

SP27 

555.29 SP50 

541.41 SP62 

160 

• 66 

0.31 SP64 

0.31 

LPl 3000,08 


LP2 

75,99 

RT66 

527,75 

RT67 

531.83 ST5 

533.51 ST7 

705 

.56 ST16 

509,94 ST17 

546,03 

STl8 < 

603.71 


ST19 

570,09 

ST27 

50.52 

ST31 

367.87 ST35 

465.61 ST39 

573 

.66 $741 

475.15 ST45 

523.34 

$747 1364,05 


ST51 

1096.69 

$T56 

284.04 

ST57 

724.66 ST58 

746.93 ST6? 

1955 

.90 ST65 

1405.99 ST66 

956,62 

STB4 

633.67 


ST06 

590,62 

LT2 

556.40 

LT5 

520.17 LT6 

546.55 SN01625O3 

.00 S019 

13.24 $063 

0.60 

5085 

0,96 


L02 

29.72 

LQ5 

21.72 














CALCULATIONS 














101 

3.326 

102 

2,194 

103 

Q.6S9 


O.DOO 

1046 

94,954 

105 3.488 

106 ••••••«• 

107 

3,345 

160 

1.367 

100 

12.692 

109 


110 

5,521 

m 

274.428 

112 13.029 

113 ; 

579.929 

114 

135,279 

115 

103.090 

116 

149.912 

117 

49.252 

110 

37,859 

119 

54,627 

120 64,723 


0.000 

121B 

0,939 


0,000 

1210 

40,320 

121 c 

-37,074 121F 

•5,694 

122 

140.973 

123 96,925 

124 

2,269 

125 

1,057 

126 

1,523 

127 

1,003 

128 

0.303 

129 

0,776 

ISO 

0,474 

131 0.479 

132 

0.703 

133 

0,179 

134 

0,419 

135 

0.302 

136 

0.673 

137 

0,549 

138 

•0,116 

139 0,900 

140 3591,664 

141 

4243,739 

142 

1090,493 

143 

1104.203 

144 

1212,112 

145 

1380,133 

146 

541,225 

147 257,363 

148 6642,794 

149 1 

6293,004 

150 

259,233 

151 

-90,614 

152 


153 

4779.260 

154 ( 


155 1933.584 

156 9232.742 

157 

7906.563 

150 

116.773 

159 

4,361 

161 

0,130 










106 

14127. 




109 

1640278. 










145 

1300.133 



148 

6642,794 










149 

6293.006 



152 

16023,596 










153 

4779.260 



154 

11244,336 





^IGINAL 

PAGE IS 




OF FOQ» QjUAtfW 



OATt 

Tint 


RUN 170. EVENT 597 

H202 A^U PCRFORMANCr ••• 


READING 597 
BAROMETER 13*59 PSIA 


DATA TN ENGINEERING UNITS 

RP66 871.70 RPG7 559,01 DIGS 9,0G DEG9 6,12 

SP18 120.07 SP*5 10. 5H SP27 559,70 SPSS 599,25 

LP2 81,11 RTGG 527.95 RTfcT 531,95 ST5 533.87 

STI9 591,11 ST27 98.54 ST3l 33**. 67 ST35 965, fcl 

ST51 1067,09 $756 269.09 ST57 725,(48 ST58 797,03 

ST86 600,01 LT2 556,16 LT5 520,35 LT6 536,78 

LQ2 17.97 EB5 21.62 


SP5 869.93 SP7 507.09 0H66 9,19 0N69 6.90 

SP62 127,66 0,21 SP69 0.21 LPl 3831.08 

ST7 705.56 ST16 599.73 ST17 556,79 STI8 619.28 

ST39 592.06 ST91 979.95 ST95 539.82 ST47 1392. 99 

«;T62 1959,06 ST65 1501,23 ST66 987,68 ST89 639.37 

SN8162566.B8 S0l9 13.33 S083 0.63 Sg85 0,99 


CALCULATIONS 

101 2,555 102 1.726 103 0.675 0.000 
160 1.365 108 10.357 109 «•««•••* no 9.282 
115 66,179 116 103,257 117 50,911 118 35,259 


0,000 121D 92,009 121E -29,129 121F 9.927 
126 1,119 127 1,990 128 0,281 129 0.766 
139 0,981 135 0.392 136 0.887 137 0.531 
192 1119,381 193 1010,132 149 1086,989 195 1320.806 
150 192.710 151 -71,150 152 ••••••«• 153 2963.669 

158 121,685 159 5.699 161 0.129 


104A 

58,231 

105 

9.412 

10b 


107 

3,378 

111 

196.982 

112 

13.911 

113 

537,796 

ll4 

100,256 

119 

51,892 

120 

29,169 


0.000 

1210 

7 • 948 

122 

95,309 

123 

97.665 

129 

1,586 

125 

0 . 969 

130 

0,508 

l3l 

0.956 

132 

0.850 

135 

0,155 

138 

-0,112 

139 

0.896 

140 

2502,934 

I9l 

2969,484 

146 

520,091 

147 

261.055 

148 

4739,067 

149 

4697,066 

154 

8932.157 

159 

1961.077 

156 

9646.714 

157 

7927,700 


106 11116. 
295 1320,806 

199 4697,066 

153 2963.669 


109 1533395. 
198 9739,067 

152 11895.820 

159 8932,157 


DATE 1-22-75 
tine 15- 1-30 


RUN ' 90 . EVENT 63 ' 

H202 APu PERFQRMANCr 


READING 631 
BAROMETER 13, 4l PSIA 


DATA IN ENGINEERING 
RP66 869,70 RP67 559,93 
SPie 126.08 SP65 52.62 
LP2 66.80 RT66 511.99 
ST19 667.71 ST27 53.16 
ST51 1083,71 ST56 365.95 
ST86 586.08 LT2 719.37 
LQ2 120.17 L05 13.27 


UNITS 

0L68 13.75 0L69 15,76 

SP27 514.65 SP58 954,95 
RT67 523,52 ST5 517.92 
ST3i 364,09 ST35 969.06 
ST57 733,58 ST58 749.57 
LT5 526.26 LT6 557.19 


SP5 890,17 SP7 987,63 
SP62 335.28 1,27 

ST7 688.56 ST16 599,69 
ST39 615,15 ST91 »96,29 
ST62 1999,46 ST65 1426.68 
SN0162598,38 S019 13,37 


0H68 

77,02 

DH69 

57.95 

SP69 

1.27 

LPl 

5603,05 

ST17 

526.20 

STIB 

743,18 

ST45 

507.34 

ST97 

1262.62 

ST66 

909,31 

ST89 

615,15 

SQ93 

C.52 

SQ85 

0.91 


CALCULATIONS 

101 7,537 102 9,891 103 0,699 B.OOO 
160 1,566 108 25.589 109 «••»•••• no 12.929 
215 323,936 116 176,516 117 47,099 118 93,836 


0,000 121D 31,905 121E 195.630 121F 166,825 
126 3,676 127 5.860 128 0,3fli 129 0.696 
159 0,207 135 0.939 136 0,821 137 0,562 
192 2653,188 193 3016,990 149 3713,218 145 9361,277 
150 921,813 151 -200,349 152 •••«*••» 153 3918,525 
158 105,927 159 9,699 161 0,197 


109A 309,723 105 2.997 106 »••*•••« 107 3.32h 

in 715.009 112 12.095 115 570.285 114 336.628 

119 24,667 120 297.939 0,000 121B 8,712 

122 167.005 125 89.995 129 5.750 125 1,766 

130 0,918 151 0,973 132 0,552 153 0.275 

156 -0,074 139 0.791 190 7970.828 191 9100,251 

196 281,575 147 124, 89P 146 ••••«••• 149 •••••«•• 

159 «••••••« 155 1917.960 156 8168.820 157 7896,003 


106 31995. 

145 4561.277 

149 15899,759 

155 3418,525 


109 1698580, 
148 15102.556 

152 27569,673 

154 29171.199 


DATE 2- 5-75 
time 11- 3-96 


RUN 187. EVENT 683 

••• H202 APU PERFORMANCr 


reading 666 

BAROMETER 13.39 PSIA 


DATA IN engineering units 


RP66 873.71 RP67 550.03 DL66 

SP16 117.22 SP63 19.97 SP27 

LP2 80,95 RT66 988.50 RT67 

ST19 552.29 ST27 55,79 ST31 

ST51 1127,23 ST56 252.22 ST57 

ST66 558,52 LT2 536,37 LT5 

L<52 31.72 LB5 19.67 


11.65 OL69 9,95 SP5 870.93 SP7 

549,71 SP56 529.66 SP6? 130.76 

523,34 ST5 516.59 ST7 657.33 ST16 

10.66 ST35 468,66 ST39 598,58 ST91 

731.74 ST58 750.68 ST62 1956.62 ST65 

516.99 lT6 531,66 SN8162695.63 S019 


512,96 0H68 11.63 OH69 9,69 

0.26 SP69 0.26 LPl 3756,08 

525.13 ST17 981.89 STI8 579,19 

976.73 ST95 992.18 $T97 1299.62 

1436.95 ST66 263.66 ST89 589.05 

IU2B SQ8S 0.36 SQ85 0.59 


CALCUlATtONS 


101 3,175 102 2,033 105 

160 1.368 108 10,550 i09 

115 1C9.988 116 69,091 117 

0,000 1210 94,285 121E 

126 1,955 127 1,790 l28 

139 0,319 135 0,693 136 

142 4968.707 193 766,187 149 

150 210.597 151 -68,698 152 

158 102,721 159 5,997 161 


0*690 0,000 109A 98.197 

•••*•••• 110 5.209 111 247,551 

57.390 118 92,910 119 27,909 

42.687 121F 80.180 122 62,300 

-0,092 129 0.816 ISO 0,851 

0,801 137 1,291 158 -0,088 

853.095 145 1022.653 146 166.853 

4726.932 153 1799.668 i 59 2931,763 

0,199 


105 3.165 
112 7.736 
120 66,029 
125 83.578 
191 0.1S9 
139 0,699 
147 195.098 
155 1909,330 


106 •••••••• 

113 288.619 

0,000 

129 2,662 

132 0.79T 

190 -529,336 
198 7006,299 
156 8103,690 


107 3.307 

119 192.981 

121B 6,790 

125 0.513 

133 0.207 

191 9293,303 
199 ••••••*« 

157 7888,986 


106 15095. 

195 1022,853 

149 13230.960 

153 1799,668 


109 1568079. 
148 7006.299 

152 4726,432 

154 2931,763 


« 
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date 2- 5*75 
TIME 11- ‘♦•SI 


RUN 187. EV£nt 692 

H202 APU PCnroftHANCr 


nZAOlHG 

BAROMCTCR 


692 

19.39 P8!A 


DATA IN engineering UNITS 


RP66 

674,71 

RP67 

550.66 0L66 

6,10 0L69 4,65 SP5 

673.44 SP7 

516.21 

DH68 

6.06 0H69 

4.93 


SP16 

114.60 

SP63 

7.72 SP27 

549.15 SP58 533,96 SP62 

94.05 

0,17 

SP64 

0.17 LPl 3772.09 


lP2 

60.56 

RT66 

489.19 RT67 

523.94 ST5 514,52 ST7 

666,39 ST16 

931,01 

ST17 

466,01 ST16 

590,16 


ST19 

569.49 

ST27 

57.68 ST31 

10.66 ST35 466.46 ST39 

571.86 ST41 

475,76 

ST45 

500,10 ST47 1320,70 


ST51 

1093.94 

ST36 

206.89 ST57 

729,59 ST56 749.67 $T62 

196B.46 ST65 

1463. A2 

ST66 

•502.30 S764 

596.64 


STB6 

562,25 

LT2 

537.61 LT5 

517,11 lT6 527,27 SN8162692.66 SOX9 

U.39 

SQ63 

0.41 S085 

0,55 


l02 

17.32 

LQ5 

-14.69 









CALCULATIONS 









101 

2.226 

102 

1.472 103 

0,661 0.000 : 

104A 52.321 

105 

4.241 

106 9461.236 

107 

3,349 

160 

1.367 

106 

7.976 109 


111 159,503 

112 

6.260 

113 317.060 

U4 

97.211 

115 

54,782 

116 

-3.614 117 

60.691 ll8 37,480 

119 -2.266 

120 24,536 

0.000 

121B 

7,460 


0,000 

1210 

44,669 121E 

70.637 121F 106.266 

122 -11,079 

123 64.299 

124 1.611 

125 

0,615 

126 

0,914 

127 

1.311 126 

-0.045 129 0.656 

130 Q.B15 

isi 

0.171 

152 0,649 

133 

0.169 

134 

0,440 

135 

0.614 136 

0.65X 137 2.040 

158 -0.095 

139 

0.706 

140 -363.361 

141 2757,473 

1<*2 

9460,264 

145 

719,410 144 

774,657 145 993,399 

146 184,059 

147 159.969 

148 4596,790 

149 •••••••* 

150 

156,464 

151 

-53.677 152 


154 •••••««• 

195 1939.452 

156 6570,677 

157 7914,607 

158 

106,266 

159 

3.564 161 

0,140 







106 

9461. 


109 

1422959, 







145 

993.399 

146 

4596.790 







149 

15565,019 

152 

•5162.446 







153 

-1245,356 

154 

-3917,090 








date 2- S-7S 
time 11* 5*51 


RUN 107. EVENT 695 

H202 APU PERFORMANCr «•» 


READING 

barometer 


695 

13.39 PSIA 


RP66 

SPIB 

LP2 

ST19 


data in engineering units 

A74,S1 RP67 551.17 CL6ft 


llB.13 SP63 
77,62 RT66 
555.06 ST27 


ST51 1128,5ft ST56 


14.16 SP27 
AGft.ftfi RT67 
49. 6<* ST31 
254,02 ST57 


11.58 DC69 
547.79 SP56 
523,52 ST5 
10,f*6 ST 55 
730,30 ST58 


9,26 SP5 
526.14 SP62 
510.39 ST7 
467,76 ST5P 


B7C.65 SP7 
137.86 
6S0.05 ST16 
549.63 ST41 


505.67 OH6a 
0.76 SP64 
536.76 ST17 
475,65 ST45 


11,5ft 0H69 9.74 

0.26 LPl 3767.09 
487,45 ST16 577,76 
49b. 02 ST47 1263.63 


749.16 sT62 1955.34 $^65 1449,49 ST66 -560.32 ST64 601.61 


ST66 

566.42 

LT2 

538.76 

LT5 

517,11 lT6 533.37 SN6162629 

.66 SQ19 

11. 

.26 5063 

0. 

36 S065 

0.61 


LQ2 

31.47 

L05 

14.97 












CALCULATIONS 












101 

3. 146 

102 

2.030 

103 

0.645 0.000 

104A 

9T.616 

105 

3.161 

106 


107 

3.316 

160 

1 , 366 

106 

11.055 

109 


111 

248 , 824 

112 

6.549 

113 

333.355 

114 

137,466 

115 

105.460 

116 

76.034 

117 

55.121 118 42,363 

119 

30,557 

120 

66.116 


0.000 

121B 

7.643 


0,000 

1210 

39,872 

121E 

37.268 121P 69,297 

122 

66,191 

123 

63,321 

124 

2.526 

125 

0.620 

12b 

1,433 

127 

1,713 

126 

-0,036 129 0 .AlO 

ISO 

0.848 

131 

0,137 

132 

0,744 

133 

0.206 

134 

0,353 

135 

0,607 

136 

0,626 137 2,126 

136 

-0.C65 

139 

0,771 

140 

-449,145 

141 

4264.767 

142 

4911.439 

143 

783.620 

144 

067,656 145 1062,782 

146 

217.923 

147 

161 .6b3 

146 

6917.626 

149 


150 

207.666 

151 

-62.667 

152 


154 t 


159 

191 1 . 026 

156 

6556.714 

157 

7892,127 

150 

109.420 

159 

4.104 

161 

0.141 









106 

13070. 



1C9 

1566124. 









145 

1 r)b2 . 782 


146 

6917,626 









149 

22691.102 


152 

-4363,793 









153 

2030.265 


154 

-6394,059 










DATE 

time 


2- 5*75 

n- 6«5i 


RUN ’07, EVENT 698 

H202 APU PERFORMANCr 


READING 

BAROMETER 


696 

13.39 PSIA 


RP66 

DATA IN ENGINEERING 
874,71 RP67 551,50 

UNITS 

DL66 

6.05 

0L69 

4,54 

SP5 

072.64 

SP7 

525.91 

0h68 

6.23 

CH69 

4,65 

SPie 

U4.1B 

SP63 

7.93 

SP27 

550,33 

SP58 

535,47 

SP62 

96.65 


0.10 

SP64 

0.16 

L*>1 

3772.09 

LP2 

61,56 

RT66 

489,56 

RT67 

523.16 

ST5 

506.60 

ST7 

680.79 

ST16 

542,64 

ST17 

494.06 

STIO 

593.23 

ST19 

572,05 

ST27 

53,16 

ST31 

10.66 

ST35 

467.65 

ST39 

573.75 

ST41 

474.52 

ST45 

505.13 

STn7 

1334.10 

ST51 

1093,71 

ST56 

205,65 

ST57 

725.69 

ST5B 

746.66 

ST62 

1962.30 

ST65 

1473,45 

ST66 

-104.15 

ST64 

605.31 

ST66 

566,56 

LT2 

264.04 

LT5 

517,41 

LT6 

526.34 

SN6162771.63 

$019 

11 .36 

S003 

0,44 

SOBS 

0.63 


L02 15,62 L05 


101 

160 

115 

126 

ISA 


CALCULATIONS 
2.204 102 

1.366 
60.500 


106 

116 


O.OOD 1210 
0.913 127 


0,449 
142 3439,646 
150 177,154 

150 111. 117 

106 9436. 

145 1199.919 

149 12970,994 

153 1932.690 


139 

143 

151 

199 


1.465 

103 

0.664 

0.000 

104A 

52.300 

105 

4.210 

106 

9436.679 

107 

3.356 

0.116 

109 


110 3.670 

111 

156.575 

112 

9,178 

113 

346.541 

114 

93.267 

58,076 

117 

58,793 

116 36.152 

119 

36.623 

120 

24,506 


0,000 

1219 

6.200 

40,967 

121E 

10,625 

121F 43.392 

122 

49,675 

123 

95,770 

124 

1.565 

125 

0,639 

1.291 

120 

-0.040 

129 0,653 

l3o 

O.All 

131 

0.176 

132 

0.644 

133 

0.166 

0,712 

136 

D,6S6 

137 1,629 

130 

•0.105 

139 

0,792 

140 

•343.119 

141 

2793,666 

735.584 

144 

767,021 

145 1159,913 

146 

226,915 

147 

192.906 

146 

4512,465 

149 


-60.501 

152 

526.475 

153 1332.690 

15«« 

-804.215 

155 

1944.584 

156 

6797.662 

157 

7917,626 

3.997 

161 

0.136 









109 1425636. 
146 4912,463 

192 926.475 

154 •604.215 


ORIGINAL PAGE IS 
OF POOR QUAUra 
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RUN 187, EVES’ 705 

H202 APU PCRFORMANCr 

DATE 2- 5-T5 
TIME II- ft-51 


READING 70^ 
BAROMETER 13.39 PSIA 



DATA IN 

ENGINEERING 

UNITS 









RP66 

873,11 

RP67 

558.69 

DL68 

13.75 0L69 

13.76 SP5 

860.01 SP7 

504,45 

0H6S 

31.49 

0H69 

25.02 

spie 

123.81 

SP63 

So. 83 

SP27 

545.65 SP58 509,39 SP62 

251.57 

0,59 

SP64 

0.59 

LPl 3746.08 

LPi 

74.81 

RT66 

488.82 

RT67 

521,55 ST5 503,66 ST7 

693.90 ST18 

553.56 

ST17 

500.54 

ST18 

584.34 

ST19 

553.7m 

ST27 

46.4 0 

ST31 

10.66 ST35 466.76 ST39 

536.55 ST41 

475,84 

ST45 

494,29 

ST47 1205.51 

ST51 

1139.42 

ST56 

333.36 

ST57 

733.27 S756 748.55 ST62 

1950.86 5765 

1419.05 

ST66 - 

■456.73 

ST84 

610.71 

ST66 

576.69 

LT2 

553.04 

LT5 “ 

517.05 LT6 546.20 SN8162598.38 SQlR 

11.20 

S083 

0.43 

S085 

0,74 

LQ2 

74.22 

L05 

14.72 












CALCULATIONS 












101 

5.160 

102 

3.304 

103 

0.64 0 

0.000 

104A 196.924 

105 

2.578 

106 4 


107 3.306 

160 

1.368 

108 

16.939 

109 


6.464 

111 467.745 

112 

9.958 

113 

375.982 

114 236.720 

115 

205,771 

116 

121,661 

117 

50,502 IIB 

43,992 

119 26 . 0 ln 

120 158. 9A4 


0,000 

121B 6.846 


0,000 

1210 

39,796 

121C 

92,956 12ir 

123.906 

122 112.814 

123 J 

B2.201 

124 

4.680 

125 0,479 

126 

2,399 

127 

2.560 

128 

-0,032 129 

0.737 

130 0.867 

131 

0.115 

152 

0.593 

133 0,260 

134 

0.237 

135 

0.662 

136 

0.769 137 

2,028 

138 -0,066 

139 

0.828 

140 - 

675.460 

141 7218,155 

142 

8036.069 

143 

1055.609 

144 

1214,994 145 

1417.880 

146 323.616 

147 250.078 


149 •••••••« 

ISO 

275.960 

151 

-150.663 

152 


3579.620 

154 •«•••••• 

155 1902,123 

156 9167.592 

157 7884,325 

isa 

116,276 

159 

4.785 

161 

0.131 








106 

21272, 




109 

1823605, 








145 

1417,860 



148 

11559. 5R0 








149 

34349,929 



152 

-4671,795 








153 

3579,620 



154 

-8251,417 
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